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PREFACE. 



It is beliered the arrangement of the present work is superior 
to that of many of its predecessors, as a yehicle for the facili- 
tation of the student's progress. While it does not pretend to 
any other rank than as an introduction to the larger works, it 
is hoped that the arrangement of its matter is such that the 
beginner may more readily comprehend the entire subject of 
Blowpipe Analysis than if he were to begin his studies by the 
perusal of the more copious works of Berzelius and Plattner. 

When the student shall haye gone through these pages, and 
repeated the yarious reactions described, then he will be fully 
prepared to enter upon the study of the larger works. To 
progress through them will then be but a comparatiyely easy 
task. 

The arrangement of this little work has been ^uch as the 
author and his friends haye considered the best that could be 
deyised for the purpose of facilitating the progress of the 
student. Whether we haye succeeded is left for the public to 
decide. The author is indebted to seyeral of his friends for 
Talaable contribntions and suggestions. 

Cincinnati, Jime^ 1867. 



PKEFACE TO SECOND EDITION. 



This work, originally compiled firom the works of Schee- 
rer and Plattner, possesses many adyantages as an element- 
ary text-book oyer the few other English works on this 
subject. 

The former editor, in preparing the work, held strictly in 
yiew the wants of the beginner in the science; so that, as a 
text-book for the class-room, or as a guide to the student 
working without a teacher, the book has special qualifica- 
tions. 

Haying become familiar with the work, by its use in my 
classes in the laboratory, I haye, at the request of the pres- 
ent publishers, prepared a copious index to the present edi- 
tion, and haye also added a brief Appendix of some of the 
later contributions to this department of Science. 

Geo. W. PLTMPToisr. 

POIiVTJfiUUJNlO IfSTITUTE^) 

Bbookltn, May^ 1868. ) 



THE BLOWPIPE. 



Part First. 



THE USE OF THE BLOWPIPE. 

Pebhaps during the last fifty years, no department of chem- 
istry has been so enriched as that relating to analysis by means 
of the Blo¥rpipe. 

Through the unwearied exertions of men of science, the use 
of this instrument has arriyed to such a degree of perfection, 
that we have a right to term its use, " Analysis in the dry 
way,** in contradistinction to analysis " in the wet way." The 
manipulations are so simple and expeditious, and the results so 
clear and characteristic, that the Blowpipe analysis not only 
verifies and completes the results of analysis in the wet way, 
but it ^ves in many cases direct evidences of the presence or 
absence of many substances, which would not be otherwise 
detected, but through a troublesome and tedious process* 
involving both prolixity and time ; for instance, the detection 
of manganese in minerals. 

Many substances have to go through Blowpipe manipulations 
before they can be submitted to an analysis in the wet way« 

1* 



10 The Blowpipe. 

The apparatus and reagents employed are compendioas and 
small in namber, so that thej can be carried easily while on 
scientific excursions, a considerable advantage for mineralogists 
and metallurgists. 

The principal operations with the Blowpipe may be ex- 
plained briefly as follows : 

(a,) By Ignition is meant the exposure of a substance to 
such a degree of heat, that it glows or emits light, or becomes 
red-hot. Its greatest value is in the separation of a volatile 
substance from one less volatile, or one which is entirely fixed 
at the temperature of the flame. In this case we only take 
cognizance of the latter or fixed substance, although in many 
instances we make use of ignition for the purpose of changing 
the conditions of a substance, for example, the sesqui-oxide 
of chromium (CrO*) in its insoluble modification ; and as a 
preliminary examination for the purpose of ascertaining whether 
the subject of inquiry be a combination of an organic or inor- 
ganic nature. 

The apparatus used for this purpose are crucibles of pla- 
tinum or silver, platinum foil, a platinum spoon, platinum wire 
or tongs, charcoal, glass tubes, and iron spoons. 

(b.y Sublimaiion is that process by which we convert a solid 
substance into vapor by means of a strong heat. These vapors 
are condensed by refrigeration into the solid form. It may be 
termed a distillation of a solid substance. Sublimation is of 
great consequence in the detection of many substances ; for 
nstance, arsenic, antimony, mercury, etc. 

The apparatus used for the purposes of sublimation consist 
of glass tubes closed at one end. 

(c.) Fusion, — Many substances when exposed to a certain 
degree of heat lose their solid form, and are converted into 
a liquid. Those substances which do not become converted 
into the liquid state by heat, are said to be infusible. It is a 
convenient classification to arrange substances into those which 
are fusible with difficulty, and those which are easily fusible. 
Very often we resort to fusion for the purpose of decomposing a 
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substance, or to cause it to enter into other combinations, by 
which means it is the more readily detected. If insolnble sub- 
stances are fused with others more fnsible (reagents) for the 
purpose of causing a combination wliich is soluble in water and 
acids, the operation is termed unclosing. These substances are 
particularly the silicates and the sulphates of the alkaline 
earthy. The usual reagents resorted to for this purpose are 
carbonate of soda (NaO, 00'), carbonate of potash (KG, 
00*), or stQl better, a mizture of the two in equal parts. In 
some cases we use the hydrate of barytes (BaO, HO) and the 
bisulphate of potash (KG, 2SG'). The platinum spoon is 
generally used for this maoipulation. 

Substances are exposed to fusion for the purpose of getting 
a new combination which has such distinctive characteristics 
that we can class it under a certain group ; or for the purpose ' 
of ascertaining at once what the substance may be. The re- 
agents used for this purpose are borax (NaO, 2BrO') and 
the microcosmic salt (NaO, NH*G, F0\ HO). Charcoal 
and the platinum wire are used as supports for this kind of 
operation. 

{d.) OzidaHon. — ^The chemical combination of any substance 
with oxygen is termed oxidation, and the products are termed 
oxides. As these oxides have qualities differing from those 
which are non-oxidized, it therefore frequently becomes neces- 
sary to convert substances into oxides ; or, if they are such, 
of a lower degree, to convert them into a higher degree of 
oxidation. These different states of oxidation frequently pre- 
sent characteristic marks of identity sufficient to enable us to 
draw conclusions in relation to the substance under examina- 
tion. For instance, the oxidation of manganese, of arsenic, etc. 
The conditions necessary for oxidation, are high temperature 
and the free admission of air to the substance. * 

If the oxidation is effected through the addition of a sub- 
stance containing oxygen (for instance, the nitrate or chlorate 
of potash) and the heating is accompanied by a lively defla- 
gration and crackling noise, it is termed detoncUion, By this 
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process we freqaeatly effect the oxidation of a substance, and 
thas we prove the presence or the absence of a certain class 
of substances. For instance, if we detonate (as it is termed 
by the German chemists) the sulphide of antimony, or the 
sulphide of arsenic with nitrate of potash, we get the nitrate 
of antimony, or the nitrate of arsenic. The salts of nitric or 
chloric acid are determined by fusing them with the cyanide 
ot potassium, because the salts of these acids detonate. 

(«.) Reduction, — ^If we deprive an oxidized substance of its 
oxygen, we term the process reduction. This is effected by 
fusing the substance under examination with another- which 
possesses a greater affinity for oxygen. The agents used 
for reduction are hydrogen, charcoal, soda, cyanide of potas- 
sium, etc. Substances generally, when in the unoxidized state, 
have such characteristic qualities, that they cannot very readily 
foe mistaken for others. For this reason, reduction is a very 
excellent expedient for the purpose of discerning and classifying 
many substances. 



B. irrsKsiLS. 

We shall ^ye here a brief description of the most necessary 
apparatus used for analysis in the dry way, and of their use. 

ThA BUnjDpipe is a small instrument, made generally out of 
brass, silver, or Gkrman silver, and was principally used in ear- 
lier times for the purpose of soldering small pieces of metals 
together. It is generally made in the form of a tube, bent at 
a right angle, but without a sharp comer. The largest one is 
about seven inches long, and the smallest about two inches. 
The latter one terminates with a small point, with a small 
orifice. The first use of the blowpipe that we have recorded 
is that of a Swedish mining officer, who used it in the year 1738 
for chemical purposes, but we have the most meagre accounts 
of his operations. In 1158 another Swedish mining officer, by 
the name of Oronstedt, published his ** Use of the Blowpipe in 
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Ohenustrf and Mineralogy/' translated, into English, in It 70, 
bj Van Engestroem. Bergman extended its use, and after 

him Ghan and the venerable Berzelins 
(1821). The blowpipe most generally 
used in chemical examinations is com- 
posed of the following parts : {Fig. 1.) 
A is a little reservoir made air-tight by 
grinding the part B into it. This re- 
servoir serves the purpose of retaining 
the moisture with which the air from 
the mouth is charged. A small coni- 
cal tube is fitted to this reservoir. 
This tube terminates in a fine ori- 
fice. As this small point is liable to 
get clogged up with soot, etc., it is bet- 
ter that it should be made of platinum, 
80 that it may be ignited. Two of 
these platinum tubes should be supplied, 
differing in the size of the orifice, by 
which a stronger or lighter current 
of flame may be projected from it. 
Metals, such as brass or German sil- 
ver, are very liable to become dirty 
through oxidation, and when placed 
between the lips are liable to im- 
part a disagreeable taste. To avoid 
this, the top of the tube must be sup- 
plied with a mouthpiece of ivory 
or horn 0. The blowpipe here repre- 
sented is the one used by Ghan, and 
approved by Berzelins. The trumpet mouthpiece was adopted 
by Flattner ; it is pressed upon the lips while blowing, which 
is less tiresome than holding the mouthpiece between the lips^ 
although many prefer the latter mode. 

Or* Black's blowpipe is as good an instrument and cheaper. 
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brought into it, and it is, therefore, called the flame of redac- 
tion. In the oxidizing flame, on the contrary, all the carbon 
which exists in the interior of the flame is oxidized into 
carbonic acid (00') and carbonic oxide (CO), while the 
bine color of the cone of the flame is caused by the complete 
combustion of the carbonic oxide. These two portions of the 
flame — ^the oxidizing and the reducing — are the principal 
agents of blowpipe analysis. 

If we introduce a fine current of air into a flame, we notice 
the following : The air strikes first the dark nucleus, and forc- 
ing the gases beyond it, mixes with them, by which oxygen is 
mingled freely with them. This effects the complete combus- 
tion of the gases at a certain distance from the point of the 
blowpipe. At this place the flame has the highest tempera- 
ture, forming there the point of a blue cone. The illuminated 
or reducing portion of the flame is enveloped outside and 
inside by a very hot flame, whereby its own temperature is so 
much increased that in this reduction-flame many substances 
will undergo fusion which would prove perfectly refractory in 
a common flame. The exterior scarcely visible. part loses its 
form, is diminished, iand pressed more to a point, by which its 
heating power is greatly increased. 

2%e Blast of Air, — By using the blowpipe for chemical pur- 
poses, the effect intended to be produced is an uninterrupted 
steady stream of air for many minutes together, if necessary, 
without an instant's cessation. Therefore, the blowing can 
only be effected with the muscles of the cheeks, and not by the 
exertion of the lungs. It is only by this means that a steady 
constant stream of air can be kept up, while the lungs will not 
be injured by the deprival of air. The details of the pro- 
per manner of using the blowpipe are really more difficult to 
describe than to acquire by practice ; therefore the pupil is 
requested to apply himself at once to its practice, by which he 
will soon learn to produce a steady current of air, and to dis- 
tinguish the different flames from each other. We would 
simply say that the tongue must be applied to the roof of the 
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month, so as to interrapt the commiinication between the 
passage of the nostrils and the month. The operator now fills 
his month with air, which is to be passed through the pipe by 
compressing the mnscles of the cheeks, while he breathes 
throngh the nostrils, and nses the palate as a yalre. When 
the month becomes nearly empty, it is replenished by the 
Inngs in an instant, while the tongne is momentarily withdrawn 
from the roof of the month. The stream of air can be continued 
for a long time, withont the least fatigue or injury to the lungs. 
The easiest way for the student to accustom himself to the 
use of the blowpipe, is first to learn to fill the mouth with air, 
and while the lips are kept firmly closed to breathe freely through 
the nostrils. Hamg effected this much, he may introduce the 
mouthpiece of the blowpipe between his lips. By inflating the 
cheeks, and breathing throngh the nostrils, he will soon learn 
to use the instrument withont the least fatigue. The air is 
forced through the tube against the flame by the action of the 
muscles of the cheeks, while he continues to breathe without 
interruption through the nostrils. Having become acquainted 
with this process, it only requires some practice to produce a 
steady jet of flame. A defect in the nature of the combustible 
used, as bad oil, such as fish oU, or oil thickened by long stand- 
ing or by dirt, dirty cotton wick, or an untrimmed one, or a 
dirty wickholder, or i want of steadiness of the hand that 
holds the blowpipe, will prevent a steady jet of flame. But 
frequently the fault lies in the orifice of the jet, or too small 
a hole, or its partial stoppage by dirt, which will prevent a 
steady jet of air, and lead to difficulty. With a good blowpipe 
the air projects the entire flame, forming a horizontal, blue 
cone of flame, which converges to a point at about an inch from 
the wick, with a larger, longer, and more luminous flame 
enveloping it, and terminating to a point beyond that of the 

blue flame. 

To produce an efficient flame of oxidation, put the point 

of the blowpipe into the flame about one third the diameter 

of the wick, and about one twelfth of an inch above it. This, 
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however, depends upon the size of the flame used. Blow strong 
enough to keep the flame straight and horizontal, using the 
largest orifice for the purpose. Upon examining the flame 
thus produced, we will observe a long, blue flame, a b, Fig. 3, 
which letters correspond with the same letters in Pig. 2. But 
this flame has changed its form, and contains all the combus- 
tible gases. It forms now a thin, blue cone, which converges 
to a point about ^n inch from the wick. This point of the 




flame possesses the highest intensity of temperature, for there 
the combustion of the gases is the most complete. In the 
original flame, the hottest part forms the external envelope, 
but here it is compressed more into a point, forming the cone 
of the blue flame, and likewise an envelope of flame surround- 
ing the blue one, extending beyond it from a to c, and present- 
ing a light bluish or brownish color. The external flame has 
the highest temperature at ^, but this decreases from d to c. 

If there is a very high temperature, the oxidation is not 
effected so readily in many cases, unless the substance is removed 
a little from the flame ; but if the heat be not too high, it is 
readily oxidized in the flame, or near its cone. If the current 
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of air is blown too freely or violently into the flame, more air is 
forced there than is sufficient to consume the gases. This 
snperflnons air only acts detrimentally^ by cooling the flame. 

In general the operation proceeds best when the substance is 
kept at a dull red heat. The blue cone must be kept free from 
straggling rays of the yellow or reduction flame. If the analy- 
sis be effected on charcoal, the blast should not be too strong, 
as a part of the coal would be converted into carbonic oxide, 
which would act antagonistically to the oxidation. The oxida- 
tion flame requires a steady current of air, for the purpose of 
keeping the blue cone constantly of the same length. For the 
purpose of acquiring practice, the followlDg may be done : 
Melt a little molybdenic acid with some borax, upon a platinum 
wire, about the sixteenth of an inch from the point of the blue 
cone. In the pure oxidation flame, a clear yellowish glass is 
formed ; but as soon as the reduction flame reaches it, or the 
point of the blue codc touches it, the color of the bead changes 
to a brown, which, finally, after a little longer blowing, becomes 
quite dark, and loses its transparency. The cause of this is, 
that the molybdenic acid is very easily reduced to a lower 
degree of oxidation, or to the oxide of molybdenum. The 
flame of oxidation will again convert this oxide into the acid, 
and this conversion is a good test of the progress of the student 
in the use of the blowpipe. In cases where we have to sepa- 
Fjate a more oxidizable substance from a less one, we use with 
success the blue cone, particularly if we wish to determine whe- 
ther a substance has the quality, when submitted to heat in the 
blue cone, of coloring the external flame. 

A good reduction flame can be obtained by the use of a small 
orifice at the point of the blowpipe. In order to produce such 
a flame, hold the point of the blowpipe higher above the wick, 
whQe the nozzle must not enter the flame so far as in the pro- 
duction of the oxidation flame. The point of the blowpipe 
should only touch the flame, while the current of air blown into 
it must be stronger than into the oxidation flame. ' K we pro- 
ject a stream, in the manner mentioned, into the flame, from 
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the smaHer gide of the wick to the middle, we shall percdve the 
flame changed to a long, narrow, Immnons cone, a 9, Fig. 4, 



^ 




the end a of which is enveloped by the same dimly visible blue- 
ish colored portion of the flame a, c, which we perceive in the 
original flame, with its point at c. The portion close above the 
wick, presenting the dnll appearance, is occasioned by the rising 
gases which have not supplied to them enough oxygen to con- 
sume them entirely. The hydrogen is consumed, while the 
carbon is separated in a state of bright ignition, and forms the 
internal flame. 

Directly above the wick, the combustion of the gases is least 
complete, and forms there likewise, as is the case in the free 
flamp, a dark blue nucleus d. 

If the oxide of a metal is brought into the luminoits portion 
of the flame produced as above, so that the flame envelopes the 
substance perfectly, the access of air is prevented. The paf- 
tially consumed gases have aow a strong affinity for oxygen, 
under the influence of the intense heat of that part of the flame. 
The substance is thus deprived of a part, or the whole, of its 
oxygen, and becomes reduced according to the strength of the affin- 
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itj which the substaiice itself has for oxygen. If the redoction 
of a substance is ondertaken on platinum, by fusion with a flax, 
and if the oxide is difficult to reduce, the reduction will be 
completely effected only in the luminous part of the flame. 
But if a substance be reduced on charcoal, the reduction will 
take place in the blue part of the flame, as long as the access of 
air is cut off ; but it is the luminous part of the flame which 
really possesses the greatest reducing power. 

The following should be obserred in order to procure a good 
reduction flame : 

The wick should not be too long, that it may make a smoke, 
nor too short, otherwise the flame will be too small to produce 
a heat strong enough for reduction. 

The wick must be free from all loose threads, and from char- 
coal. 

The blast should be continued for a considerable time with- 
out intermission, otherwise reduction cannot be effected. . 

For the purpose of acquiring practice, the student may fuse 
the oxide of manganese with borax, upon a platinum wire, in 
the oxidation flame, when a Tiolet-red glass will be obtained ; 
or if too much of the oxide be used, a glass of a dark color and 
opaque will be obtained. By submitting this glass to the 
reduction flame, it will become colorless in correspondence to 
the perfection with which the flame is produced. Or a piece 
of tin jnay be fused upon charcoal, and kept in that state for a 
considerable time, while it presents the appearance of a bright 
metal on the surface. This will require dexterity in the opera- 
tor ; for, if the oxidation flame should chance to touch the 
bright metal only for ^ moment, it is coated with an infusible 
oxide. 

GoicBUSTioN. — ^Any flame of sufficient size can be used for 
blowpipe operations. It may be either the flame of a candle 
of tallow or wax, or the flame of a lamp. The flame of a wax 
candle, or of an oQ lamp is most generally used. Sometimes a 
lamp is used fiUed with a solution of spirits of turpentine in 
strong alcohol. If a candle is used, it is well to cut the wick 
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off short, and to bend the wick a little toward the substance 
experimented npon. Bat candles are not the best for blowpipe 
operations, as the radiant heat, reflecting from the snbstance 
upon the wax or tallow, will cause it to melt and run down the 
side of the candle ; while again, candles do not give heat 
enough. The lamp is much the most desirable. The subjoined 
figure, from Berzelius, is perhaps the best form of lamp. It is 




Fig. 6. 



made of japanned tin-plate, about four inches in length, and h 
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the form and arrangement represented in Fig. 5. E is the lamp, 
fastened on the stand, S, by a screw, C, and is movable upwards 
or downwards, as represented in the figure. The posterior end of 
the lamp may be about one inch square, aad at its anterior end, E, 
about three-quarters of an inch square. The under side of this box 
may be round, as seen in the figure. The oil is poured into the 
orifice. A, which has a cap screwed oyer it. C is a wick- 
holder for a flat lamp-wick, a is a socket containing the wick, 
which, when not in use, is secured from dirt by the cap. The 
figures B and a' give the forms. of the cap and socket. The 
best combustible for this lamp is the refined rape-seed oil, or 
pure sweet oil. When this lamp is in use, there must be no 
loose threads, or no charcoal on the wick, or these will produce 
a smoky flame. The wick, likewise, should not be pulled up 
too high, as the same smoky flame would be produced. 

The Spntrr-LAMP. — This is a short, strong glass lamp, with 
a cap, B, Fig. 6, fitted to it by grinding, to prevent the eva- 
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poration of the alcohol. The neck a contains a tube C, made 
of silver, or of tin plate, and which contains the wick. Brass 
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The best kind of charcoal is that of pinewood, linden, willow, 
or alderwood, or any other soft wood. Coal from the firwood 
sparkles too freely, while that of the hard woods contains too 
much iron in its ashes. Smooth pieces, free from bark and 
knots, should be selected. It shonld be thoroughly burnt, and 
the annual rings or growths should be as close together as 
possible. 

If the charcoal is in masses, it should be sawed into pieces 
about six inches in length by about two inches broad, but so 
that the year-growths run perpendicular to the broadest side, 
as the other sides, by their unequal structure, burn unevenly. 

That the substance under examination tnay not be carried 
off by the blast, small conical concavities should be cut in the 
broad side of the charcoal, between the year-growths, with a 
conical tube of tin plate about two or three inches long, and 
one quarter of an inch at one end, and half an inch at the 
other. These edges are made sharp with a file. The widest 
end of this charcoal borer is used for the purpose of making 
cavities for cupeilation. 

In places where the proper kind of charcoal is difficult to 
procure, it is economical to cut common charcoal into pieces 
about an inch broad, and the third of an inch thick. In each 
of these little pieces small cavities should be cut with the small 
end of the borer. When these pieces of charcoal are required 
for use, they must be fastened to -a narrow slip of tin plate, 
one end of which is bent into the form of a hook, under which 
the plate of charcoal is pushed. 

In general, we use the charcoal support where we wish to 
reduce metallic oxides, to prevent oxidation, or to test the 
fusibility of a substance. There is another point to which we 
would direct the student. Those metals which are volatile in 
the reduction flame, appear as oxides in the oxidation flame. 
These oxides make sublimates upon the charcoal close in the 
vicinity of the substance, or where it rested, and by their pecu- 
liar color indicate pretty correctly the species of minerals ex- 
perimented upon, 

2 
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(b.) Platinum Supports, — The metal platinum is infusible in 
the blowpipe flame, And is such a poor conductor of heat that 
a strip of it may be held close to that portion of it which is 
red hot without the least inconvenience to the fingers. It is 
necessary that the student should be cognizant of those sub- 
stances which would not be appropriate to experiment upon 
if placed on platinum. Metals should not be treated upon 
platinum apparatus, nor should the easily reducible oxides, 
sulphides, nor chlorides, as these substances will combine with 
the platinum, and thus render it unfit for farther use in analysis. 

(c.) JPlatinum Wire. — As the color of the flame cannot be 
well discerned when the substance is supported upon charcoal^ 
in consequence of the latter furnishing false colors, by its own 
reflection, to the substances under examination, we use plati- 
num wire for that purpose, when we wish to examine those 
substances which give indications by the peculiar color which 
they impart to fluxes. The wire should be about as thick 
as No. 16 or 18 wire, or about 0.4 millimetre, and 
cut into pieces about from two and a half to three inches 
in length. The end of each piece is crooked. In order 
that these pieces should remain clear of dirt, and ready 
for use, they should be kept in a glass of water; To use 
them, we dip the wetted hooked end into the powdered flux 
(borax or microcosmic salt) some of which will adhere, when 
we fuse it in Ifce flame of the blowpipe to a bead. This bead 
hanging in the hook, must be clear and colorless. Should 
there not adhere a sufficient quantity of the flux in the first 
trial to form a bead sufficiently large, the hook must be dipped 
a second time in the flux and again submitted to the blowpipe 
flame. To fix the substance to be examined to the bead, it is 
necessary, while the latter is hot, to dip it in the powdered 
substance. If the hook is cold, we moisten the powder a little, 
and then dip the hook into it, and then expose it to the oxida- 
tion flame, by keeping it exposed to a regular blast until the 
substance and the flux are fiised together, and no further alter* 
ation is produced by the flame. 



Its U SB. 27 

The platinum wire can be used except where redaction to 
the metallic state is required. Every reduction and oxidation 
experiment, if the results are to be known by the color of the 
flaxes, should be effected upon platinum wire. At the termina- 
tion of the experiment or investigation, if it be one, to clean 
the wire, place it in water, which will dissolve the bead. 

(d.) Platinum Foil. — For the heating or fusing of a substance, 
whereby its reduction would be avoided, we use platinum foil 
as a support. This foil should be of the thickness of good 
writing paper, and from two and a half to three inches long, 
by about half an inch broad, and as even and smooth as possi- 
ble. If it should become injured by long use, cut the injured 
end off, and if it should prove too short to be held with the 
fingers, a pair of forceps may be used to grasp it, or it may be 
placed on a piece of charcoal 

(e.) PlaHnum Spoon. — ^When we require to fuse substances 
with the acid sulphate of potash, or to oxidize them by 
detonation with nitrate of potash, whereby we wish to preserve 
the oxide produced, we generally use a little spoon of plati- 
num, about from nine to fifteen millimetres * in diameter, and 
shaped as represented in Fig. *l. The handle of this spoon is 




Fig. T. 

likewise of platinum, and should fit into a piece of cork, or be 
held with the forceps. 

(/.) Platinum Forceps or Tongs. — We frequently are neces- 
sitated to examine small splinters of metals or minerals 
directly in the blowpipe flame. These pieces of metallic sub- 
stances are held with the forceps or tongs represented as in 

* The French millimetre is about the twenty-fifth part of an EngUsh inch. 
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Fig. 8, where a c is formed of steel, and a a are platinum 




Fig. 8. 

bars inserted between the steel plates. AX h h are knobs 
which by pressure so separate the platinum bars a a, that any 
small substance can be inserted between them. 

(g.) Iron Spoons. — For a preliminary examination iron spoons 
are desirable. They may be made of sheet iron, about 
one-third of an inch in diameter, and are very useful in many 
examinations where the use of platinum would not be 
desirable. 

(h.) Glass Tales. — For the separation and recognition of 
volatile substances before the blowpipe flame, we use glass 
tubes. These should be about one-eighth of an inch in diame- 
ter, and cut into pieces about five or six inches in length. 
These tubes should have both ends open. 

Tubes are of great value in the examination of volatile sub- 
stances which require oxidizing or roasting, and heating with 
free access o^ air. Also to ascertain whether a substance 
under examination will sublimate volatile matter of a certain 
appearance. Such substances are selenium, sulphur, arsenic, 
antimony, and tellurium'. These substances condense on a cool 
part of the tube, and they present characteristic appearances, or 
they may be recognized by their peculiar smell. These tubes 
must be made of the best kind of glass, white and diflBcult of 
fusion, and entirely free from lead. The substance to be 
examined must be put in the tube near one end, and exposed 
to the flame of the blowpipe. The end containing the sub- 
stance must be held lower than the other end, and must be 
moved a little over the spirit-lamp before a draught of air is 
produced through the tube. It is a good plan to have a number 
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of these tubes on hand. After haying used a tube we cut off 
that end of it which contained the substance, with a file, and 
clean it from the sublimate, either by heating it over the 
spirit-lamp, or with a piece of paper wound around a wire. It 
sometimes happens that the substance falls out of the tube 





Fig. 9. 
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ascertaining whether it contains combostible matter, as sulphur 
or arsenic, and where we wish to avoid oxidation, we use these 
tubes without extending the closed end, in order that there 
may be as little air admitted as possible, as is represented in 
tube B. But when a substance to be examined is to be tested 
for water, or other incombustible volatile matters, we employ 
tubes with little bulbs blown at one end, such as represented at 
tube A. Here there is room for a circulation of air at the bot- 
tom of the tube, by which the volatile matter rises more easily. 
In some cases, it is necessary to draw the closed end out to a 
fine point, as in the tubes C and D. Either one or the other of 
these tubes is employed, depending upon the nature of the sub- 
stance used. The sublimates condense at the upper part of the 
tube a, and can be there examined and recognized. These tubes, 
before being used, must be thoroughly dried and cleaned. In 
experimenting with them, they should not be exposed at once 
to the hottest part of the flame, but should be submitted to the 
heat gradually. If the substance is of such a nature that it 
will sublime at a low heat, the tube should be held more hori- 
zontal, while a higher heat is attained by bringing the tube to 
a more vertical position. 



VARIOUS APPARATUS NECESSART. 

Edulcorator or Washing Bottle. — ^Take a glass bottle of the 
capacity of about twelve ounces, and close the mouth of it very 
tight with a cork, through which a short glass tube is fitted 
airtight. The external end of this tube is drawn out to a 
point, with a very fine orifice. The bottle should be filled 
about half full of water. By blowing air into the bottle 
through the tube, and then turning it downwards, the com- 
pressed air will expel a fine stream of water through the fine 
orifice with considerable force. We use this washing bottle. 
Pig. 11, for the purpose of rinsing the small particles of coal 
from the reduced metals. 
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is frequently necessary for the examination of blowpipe experi- 
ments, or the reaction of the flaxes. Common lenses, howso- 
ever cheap they may be, are certainly not recommended. A 
microscope with achromatic lenses can now be purchased so 
cheap that there is no longer any necessity of procuring one 
with the common lens. Besides, there is no reliability whatever 
to be placed in the revelations of the common lens ; while on 
the contrary, the deceptive appearances which minute objects 
assume beneath such lenses are more injurious than otherwise. 
A small cheap set of magnifying glasses are all that is required 
for the purpose of blowpipe analysis, Fig. 12. 




Fig. 12. 

A small magnet should be kept on hand, for the purpose of 
testing reduced metals. 

NipperSj for the purpose of breaking off pieces of minerals 
for analysis, without injuring the entire piece, are indispensable, 
Fig 13. 




Fig. 18. 



A pair of scissors is required to trim the wick of the lamp» 

and for the trimming of the'edge of platinum foil. 

2* 



34 TheBlowpipe. 

A small spatula shonld be kept for the purpose of mixing 
sabstances with flaxes. 



THE REAGENTS. 

Those substances which possess the property of acting upon 
other sabstances, in such a characteristic manner that they can 
be recognized, either by their color, or by their eflFervescence, 
or by the peculiar precipitation produced, are termed reagents. 
The phenomena thus produced is termed reaction. We use 
those reagents, or tests^ for the purpose of ascertaining the 
presence or the absence of certain substances, through the 
peculiar phenomena produced when brought in contact with 
them. 

• The number of reagents employed in blowpipe analysis is not 
great, and therefore we shall here give a brief description of their 
'preparation and use. It is indispensably necessary that they 
should be chemically pure, as every admixture of a foreign sub- 
stance would only produce a false result. Some of them have 
a strong afl&nity for water, or are deliquescent, and consequently 
absorb it greedily from the air. These must be kept in glass 
bottles, with glass stoppers, fitted air-tight by grinding. 

A. BEAGENTS OF GENERAL USE. 

1. Carbonate of Soda. — (NaO, CO') Wash the bicarbonate 
of soda (NaO, 200') upon a filter, with cold water, until the 
filtrate ceases to give, after neutralization with diluted nitric 
acid (NO*), a precipitate with nitrate of baryta, (BaO, NO*), 
or nitrate of silver, (AgO, NO*). That left upon the filter 
we make red hot in a platinum, silver, or porcelain dish. One 
atom of carbonic acid is expelled, and the residue is carbonate 
of soda. 

A solution of soda must not be changed by the addition of 
sulphide of ammonium. And when neutralized with hydro- 
chloric acid, and evaporated to dryness, and agaux dissolved 
in water, there must be no residue teft. 
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Carbonate of soda is an excellent agent in reduction, in 
conseqnence of its easy fusibility, whereby it causes the close 
contact of the oxides with 'the charcoal support, so that the 
blowpipe flame can reach every part of the substance under 
examination. 

For the decomposition and determination of insoluble sub- 
stances, particularly the silicates, carbonate of soda is indis- 
pensable. But for the latter purpose, we use with advantage 
a mixture of ten parts of soda and thirteen parts of dry car- 
bonate of potash, which mixture fuses more easily than the 
carbonate of soda alone. 

2. Hydrate of Baryta (BaO, HO). — ^This salt is used some- 
times for the detection of alkalies in silicates. Mix one part 
of the substance with about four parts of the hydrate of baryta, 
and expose it to the blowpipe flame. The hydrate of baryta 
combines with the silicic acid, and forms the super-basic silicate 
of baryta, while the oxides become free. The fused mass must 
be dissolved in hydrochloric acid, which converts the oxides 
into chlorides. Evaporate to dryness, and dissolve the residue 
in water. The silicic acid remains insoluble. 

The hydrate of baryta is prepared by mixing six parts of 
finely powdered heavy-spar (BaO, S0») with one part of char- 
coal and one and a half parts of wheat flour, and exposing 
this mixture in a Hessian crucible with a cover to a strong and 
continuous red heat. The cooled chocolate-brown mass must 
be boiled with twenty parts of water, and, while boiling, there 
must be added the oxide of copper in sufficient quantity, or 
until the liquid will not impart a black color to a solution of 
acetate of lead (PbO, A). The liquid must be filtered while 
hot, and as it cools the hydrate of baryta appears in crystals 
These crystals must be washed with a little cold water, and 
then heated at a low temperature in a porcelain dish until the 
crystal water is expelled. The hydrate of baryta melts by a 
low red heat without losing its water of hydration. 

3. JBisidphate of Patassa (KO, 2S0'). — At a red heat the 
half of the sulphuric acid of this salt becomes free, and thuj* 
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separates and expels volatile substances, by which we can 
recognize lithium, boracic acid, nitric acid, fluoric acid, bromine, 
iodine, chlorine ; or it decomposes and reveals some other 
compounds, as, for instance, the salts of the titanic, tantalic 
and tungstic acids. The bisulphate of potash is also used for 
the purpose of converting a substance into sulphate, or to free 
it at once from certain constituents. These sulphates are dis- 
solved in water, by which we are enabled to effect the sepa^ 
ration of its various constituents. 

Preparation. — Two parts of coarsely powdered sulphate of 
potash are placed in a porcelain crucible, and one part of pure 
sulphuric acid is poured over it. Expose this to heat over the 
spirit-lamp, until the whole becomes a clear liquid. The cooled 
mass must be of a pure white color, and may be got out of the 
crucible by inverting it. It must be kept in a fine powder. 

4. Oxalate of Fotassa {KO^ 0). — Dissolve bioxalate of pot- 
ash in water, and neutralize with carbonate of pbtash. Evapo- 
rate the solution at a low heat to dryness, stirring constantly 
towards the close of the operation. The dry residue is to be 
kept in the form of a powder. 

The oxalate of potash, at a low red heat, eliminates a consid- 
erable quantity of carbonic oxide, which, having a strong 
affinity for oxygen, with which it forms carbonic acid, it is 
therefore a powerful agent of reduction. It is in many cases 
preferable to carbonate of soda. 

5. Cyanide of Potassium (Cy, K). — In the dry method of 
analysis, this salt is one of the most efficient agents for the 
reduction of metallic oxides. It separates not only the metals 
from their oxygen compounds, but likewise from their sulphur 
compounds, while it is converted through the action of the 
oxygen into carbonate of potash, or, in the latter case, combines 
with the sulphur and forms the sulphureted cyanide of potassium 
This separation is facilitated by its easy fusibility. But in 
many cases it melts too freely, and therefore it is better to mix 
it, for blowpipe analysis, with an equal quantity of soda. This 
mixture has great powers of reduction, and it is easily ab- 
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sorbed by the charcoal, while the globules of reduced metal 
are visible in the greatest purity. 

Preparation. — ^Deprive the ferrocyanide. of potassium (2KCy 
+ FeCy) of its water by heating it over the spirit-lamp 
in a porcelain dish. Mix eight parts of this anhydrous salt 
with three parts of dry carbonate of potash, and fuse the 
mixture by a low red heat in a Hessian, or still better, in an 
iron crucible with a cover, until the mass flows quiet and clear, 
and a sample taken up with an iron spatula appears perfectly 
white. Pour the clear mass out into a china or porcelain dish 
or an iron plate, but with caution that the fine iron par- 
ticles which have settled to the bottom, do not mix with it. 
The white fused mass must be powdered, and kept from 
the air. The cyanide of potassium thus prepared, contains 
some of the cyanate of potassa, but the admixture does not 
deteriorate it for blowpipe use. It must be perfectly white, 
free from iron, tharcoal, and sulphide of potassium. The solu- 
tion of it in water must give a white precipitate with a solution 
of lead, and when neutralized with hydrochloric acid, and 
evaporated to dryness, it must not give an insoluble residue by 
dissolving it again in water. 

6. Nitrate of Potassa, Saltpetre (KO, NO*). — Saturate boil- 
ing water with commercial saltpetre, filter while hot in a 
beaker glass, which is to be placed in cold water, and stir 
while the solution is cooling. The greater part of the salt- 
petre will crystallize in very fine crystals. Place these crystals 
upon a filter, and wash them with a little cold water, until a 
solution of nitrate of silver ceases to exhibit any reaction upon 
the filtrate. These crystals must be dried and powdered. 

Saltpetre, when heated with substances easy of oxidation, 
yields its oxygen quite readily, and is, therefore, a powerful 
means of oxidation In blowpipe analysis, we use it particu- 
larly to convert sulphides (as those of arsenic, antimony, &c.) 
into oxides and acids. We furthermore use saltpetre for the 
purpose of producing a complete oxidation cf small quantities 
of metallic oxides, which oxidize with difficulty in the oxidation 
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flame, so that the color of the bead, in its highest state of oxi- 
dation, shall be yisible, as for instance, manganese dissolved in 
the microcosmic salt 

T. Bibarate of soda, &>rax—(XaO + 2BO').— Commercial 
borax is seldom pore enoagh for a reagent A solution of 
borax must not give a precipitate with carbonate of potassa ; 
or, after the addition of dilate nitric acid, it must remain clear 
upon the addition of nitrate of silrer, or nitrate of baryta. Or 
a small piece of the dry salt, fused upon a platinum wire, must 
give a clear and uncolored glass, as well in the oxidation flame 
as in the redaction flame. If these tests indicate a foreign 
admixture, the borax must be purified bj re-crystallization. 
These crystals are washed upon a filter, dried, and heated, to 
expel the crystal water, or until the mass ceases to swell up, 
and it is reduced to powder. 

Boracic acid is incombustible, and has a strong affinity for 
oxides when fused with them ; therefore, it not only directly 
combines with oxides, but it expels, by fusion, all other volatile 
acids from their salts. Furthermore, boracic acid promotes the 
oxidation of metals and sulphur, and induces haloid compounds, 
in the oxidation flame, to combine with the rising oxides. 
Borates thus made, melt generally by themselves ; but admixed 
with borate of soda, they fuse much more readily, give a clear 
bead. Borax acts either as a flux, or through the formation 
of double salts. 

In borax, we have the action of firee boracic acid, as well as 
borate of soda, and for that reason it is an excellent rei^ent for 
blowpipe analysis. 

All experiments in which borax is employed should be effected 
upon platinum wire. The hook of the wire should be heated 
^ed hot, and then dipped into the powdered borax. This should 
be exposed to the oxidation flame, when it will be fused to a 
bead, which adheres to the hook. This should be then dipped 
into the powdered substance, which will adhere to it if it is 
hot ; but if the bead is cool, it must be previously moistened. 
Expose this bead to the oxidation flame until it ceases to 
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change, then allow it to cool, when it should be exposed to the 
reduction flame. Look for the following in the oxidation flame : 

(1.) Whether the heated substance is fused to a clear bead or 
not, and whether the bead remains transparent after cooling. 
The beads of some substances, for instance those of the alkaline 
earths, are clear while hot ; but upon cooling, are milk-white 
and enamelled. Some substances give a clear bead when heated 
and whenx;old, but appear enamelled when heated intermittingly 
or with a flame which changes often fronj oxidation to reduction, 
or with an unsteady flame produced by too strong a blast. The 
reason is an incomplete fusion, while from the basic borate com- 
pound a part of the base is separated. As the boracic acid is 
capable of dissolving more in the heat, a bead will be clear while 
hot, enamelled when cold, as a part in the latter instance will 
become separated. 

(2.) Whether the substance dissolves easily or not, and 
whether it intumesces from arising gases. 

(3.) Whether the bead, when exposed to the oxidation flame, 
exhibits any color, and whether the color remaiYis after the 
bead shall have cooled, or whether the color fades. 

(4.) Whether the bead exhibits any other reaction in the 
reduction flame. 

The bead should not be overcharged with the substance under 
examination, or it will become colored so deeply as not to 
present any transparency, or the color light enough to discern 
its hue. 

8. Microcosmk Salt — Phosphate of Soda and Ammonia — 
(NaO, NH*0 + PO*). — ^Dissolve six parts of phosphate of 
Boda (2NaO, HO, PO*), and one part of pure chloride of 
Ammonium (NH*Cl.), in two parts of boiling water, and allow 
it to cool. The greatest part of the formed double salt crys- 
tallizes, while the mother-liquid contains chloride of sodium, 
and some of the double salt. The crystals must be dissolved in 
as little boiling water as possible, and re-crystallized. These 
crystals must be dried and powdered. 

When this double salt is heated, the water and the ammonia 
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escape, while the incombnstible residue has a composition simi- 
lar to borax, viz., a free acid and an easily fusible salt. The 
effect of it is, therefore, similar to the borax: The free phos- 
phoric acid expels, likewise, most other acids from their combi- 
nations, and combines with metallic oxides. 

For supports, the platinum wire may be used, but the hook 
must be smaller than when borax is used, or the bead will not 
adhere. As for all the other experiments with this salt, the 
microscosmic salt is used the same as borax. 

9. Nitrate of Cobalt.— {GoO, NO*).— This salt can be pre- 
pared by dissolving pure oxide of cobalt in diluted nitric acid, 
and evaporating to dryness with a low heat. The dry residue 
should be dissolved in ten parts of water, and filtered. The 
filtrate is now ready for use, and should be kept in a bottle 
with a glass stopper. If the pure oxide of cobalt cannot be 
procured, then it may be prepared by mixing two parts of finely 
powdered glance of cobalt with four parts of saltpetre, and one 
part of dry carbonate of potassa with one part of water free 
from carbonate of soda, This mixture should be added in suc- 
cessive portions into. a red-hot Hessian crucible, and the heat 
continued until the mass is fused, or at least greatly diminished 
in volume. The cooled mass must be triturated with hot water, 
and then heated with hydrochloric acid until it is dissolved and 
forms a dark green solution, which generally presents a gelati- 
nous appearance, occasioned by separated silica. The solution 
is to be evaporated to dryness, the dry residue moistened with 
hydrochloric acid, boiled with water, filtered and neutralized 
while hot with carbonate of ammonia, until it ceases to give 
an acid reaction with test-paper. This must now be filtered 
again, and carbonate of potassa added to the filtrate as long as 
a precipitate is produced. This precipitate is brought upon a filter 
and washed thoroughly, and then dissolved in diluted nitric acid. 
This is evaporated to dryness, and one part of it is dissolved in 
ten parts of water for use. 

The oxide of cobalt combines, with strong heat in the 
oxidation flame, with various earths and infusible metallic 
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oxides, and thns produces pecaliarly colored compounds, and 
is therefore used for their detection ; (alumina, magnesia, oxide 
of zinc, oxide of tin, etc.) Some of the powdered su!)stance 
is heated upon charcoal in the flame of oxidation, and moist- 
ened with a drop of the solution of the nitrate of cobalt, when 
the oxidation flame is thrown upon it. Alumina gives a pure 
blue color, the oxide of zinc a bright green, magnesia a light 
red, and the oxide of tin a bluish-green color ; but the latter 
is only distinctly visible after cooling. 

The dropping bottle, is the most useful apparatus for 
the purpose of getting small quantities of fluid. It is com- 
posed of a glass tube, drawn out to a point, with a small 
oriflce. This tube passes through the cork of the bottle. 
By pressing in the cork into the neck of the bottle, the air 
within will be compressed, and the liquid will rise in the tube. 
If now we draw the cork out, with the tube filled with the 
fluid, and pressing the finger upon the upper orifice, the fluid 
can be forced out in the smallest quantity, even to a fraction 
of a drop. 

10. Tin, — This metal is used in the form of foil, cut into 
strips about half an inch wide. Tin is very susceptible of 
oxidation, and therefore deprives oxidized substances of their 
oxygen very quickly, when heated in contact with them. It 
is employed in blowpipe analysis, for the purpose of producing 
in glass beads a lower degree of oxidation, particularly if the 
substance under examination contains only a small portion of 
such oxide. These oxides give a characteristic color to the 
bead, and thus are detected. The bead is heated upon char- 
coal in the reduction flame, with a small portion of the tin, 
whereby some of the tin is melted and mixes with the bead. 
The bead should be reduced quickly in the redaction flame, for 
by continuing the blast too great a while, the oxide of tin 
separates the other oxides in the reduced or metallic state, 
while we only require that they shall only be converted into 
a sub-oxide, in order that its peculiar color may be recognized 
in the bead. The addition of too much tin causes the bead 
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to present an unclean appearance, and prevents the required 
reaction. 

11. Silica (SiO*). — ^This acid does not even expel carbonic 
acid in the wet way, bnt in a glowing heat it expels the 
strongest volatile acids. In blowpipe analysis, we use it fused 
with carbonate of soda to a bead, as a test for sulphuric acid, 
and in some cases for phosphoric acid. Also with carbonate 
of soda and borax, for the purpose of separating tin from 
copper. 

Finely powdered quartz will answer these purposes. If it 
cannot be procured, take well washed white sand and mix it 
with two parts of carbonate of soda and two parts of car- 
bonate of potassa. Melt the materials together, pound up the 
cooled mass, dissolve in hot water, filter, add to the filtrate 
hydrochloric acid, and evaporate to dryness. Moisten the 
dry residue with hydrochloric acid, and boil in water. The 
silica remains insoluble. It should be washed well, dried, and 
heated, and then reduced to powder. 

12. Test-papers. — {a,) Blue Litmus Paper. — Dissolve one 
part of litmus in six or eight parts of water, and filter. Divide 
the filtrate into two parts. In one of the parts neutralize the 
free alkali by stirring it with a glass rod dipped in diluted 
sulphuric acid, until the fluid appears slightly red. Then mix 
the two parts together, and draw slips of unsized paper, free 
from alkali, such as fine filtering paper. Hang these strips on 
a line to dry, in the shade and free from floating dust. If the 
litmus solution is too light, it will not give sufficient character- 
istic indications, and if too dark it is not sensitive enough. 
The blue color of the paper should be changed to red, when 
brought in contact with a solution containing the minutest trace 
of free acid ; but it should be recollected that the neutral salts 
of the heavy metals produce the same change. 

(b.) Red Litmus Paper. — The preparation of the red litmus 
paper is similar to the above, the acid being added until a red 
color is obtained. Reddened litmus paper is a very sensitive 
reagent for free alkalies, the carbonates of the alkalies, alkaline 
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earths, sulphides of the alkalies and of the alkaline earths, and 
alkaline salts with weak acids, snch as boracic acid. These 
substances restore the original blue color of the litmus. 

(c.) Logwood Pamper. — Take bruised logwood, boil it in 
water, filter, and proceed as above. Logwood paper is a very 
delicate test for free alkalies, which impart a violet tint to it. 
It is sometimes used to detect hydrofluoric acid, which changes 
its color to yellow. 

All the test-papers are to be cut into narrow strips, and 
preserved in closely stopped vials. The especial employment 
of the test-papers we shall allude to in another place. 



B. ESPECIAL REAGENTS. 

13. Fused Boracic Add (BO*). — ^The commercial article is 
sufficiently pure for blowpipe analysis. It is employed in some 
cases to detect phosphoric acid, and also minute traces 6T 
copper in lead compounds. 

14. Fluorspar (CaFP). — ^This substance should be pounded 
fine and strongly heated. Fluorspar is often mixed with 
boracic acid, which renders it unfit for analytical purposes. 
Such an admixture can be detected if it be mixed with bi- 
sulphate of potassa, and exposed upon platinum wire to the 
interior or blue flame. It is soon fused, the boracic acid is 
reduced and evaporated, and by passing through the external 
flame it is reoxidized, and colors the flame green. We use 
fluorspar mixed with bisulphate of potassa as a test for lithia 
and boracic acid in complicated compounds. 

15. Oxalate of Nickel (NiO, 0). — It is prepared by dis- 
solving the pure oxide of nickel in diluted hydrochloric acid. 
Evaporate to dryness, dissolve in water, and precipitate with 
oxalate of ammonia. The precipitate must be washed with 
caution upon a filter, and then dried. It is employed in blow- 
pipe analysis to detect salts of potassa in the presence of 
sodium and lithium. 

16. Oxide of Copper (CuO). — ^Pure metallic copper is dis* 



44 The Blowpipe. 

solved in nitric acid. The solution is evaporated in a porcelain 
dish to dryness, and gradaally heated over a spirit-lamp, until 
the blue color of the salt has disappeared and the mass presents 
a uniform black color. The oxide of copper so prepared must 
be powdered, and preserved in a vial. It serves to detect, in 
complicated compounds, minute traces of chlorine. 

1^. Antimoniate of Potassa (KO, SbO*). — Mix four parts 
of the bruised metal of antimony, with nine parts of saltpetre. 
Throw this mixture, in small portions, into a red-hot Hessian 
crucible, and keep it at a glowing heat for awhile after all the 
mixture is added. Boil the cooled mass with water, and dry 
the residue. Take two parts of this, and* mix it with one part 
of dry carbonate of potassa, and expose this to a red heat for 
about half an hour. Then wash the mass in cold water, and 
boil the residue in water ; filter, evaporate the filtrate to dry- 
ness, and then, with a strong heat, render it free of water. 
Powder it while it is warm, and preserve it in closed vials. It 
is used for the detection of small quantities of charcoal in com- 
pound substances, as it shares its oxygen with the carbonaceous 
matter, the antimony becomes separated, and carbonate of 
potassa is produced, which restores red litmus paper to blue, 
and effervesces with acids. 

18. Silver Foil. — A small piece of silver foil is used for the 
purpose of detecting sulphur and the sulphides of the metals, 
which impart a dark stain to it. If no silver foil is at hand, 
strips of filtering paper, impregnated with acetate of lead, will 
answer in many cases. 

19. Nitroprusside of Sodium (Fe'Cy', NO*, 2Na).— This is a 
very delicate test for sulphur, and was discovered by Dr. Playfair. 
This test has lately been examined with considerable ability by 
Prof. J. W. Bailey, of West. Point. If any sulphate- or sulphide 
is heated by the blowpipe upon charcoal with the carbonate 
of soda, and the fused mass is placed on a watch-glass, with a 
little water, and a small piece of the nitroprusside of sodium 
is added, there will be produced a splendid purple color. This 
color, or reaction, wOl be produced from any substance contain- 
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ing sulphur, such as the parings of the nails, hair, albumeu, etc. 
In regard to these latter substances, the carbonate of soda 
should be mixed with a little starch, which will prevent the 
loss of any of the sulphur by oxidation. Coil a piece of hair 
around a platinum wire, moisten it, and dip it into a mixture 
of carbonate of soda, to which a little starch has been added, 
and then heat it with the blowpipe, when the fused mass will 
give with the nitroprusside of sodium the characteristic purple* 
reaction, indicative of the presence of sulphur. With the 
proper delicacy of manipulation, a piece of hair, half an inch in 
length, will give distinct indications of sulphur. 

JPreparation. — The nitroprussides of sodium and potassium 
(for either salt will give the above reactions), are prepared as 
follows : One atom (422 grains) of pulverized ferrocyanide of 
potassium is mixed with five atoms of commercial nitric acid, 
diluted with an equal quantity of water. One-fifth of this 
quantity (one atom) of the acid is sufficient to transfer the 
ferrocyanide into nitroprusside ; but thfe use of a larger quan- 
tity is found to give the best results. The acid is poured all at 
once upon the ferrocyanide, the cold produced by the mixing 
being sufficient to ^loderate the action. The mixture first 
assumes a milky appearance, but after a little while, the salt 
dissolves, forming a coffee-colored solution, and gases are 
disengaged in abundance. When the salt is completely dis- 
solved, the solution is found to contain ferrocyanide (red 
prussiate) of potassium, mixed with nitroprusside and nitrate 
of the same base. It is then immediately decanted into a 
large flask, and heated over the water-bath. It continues 
to evolve gas, and after awhile, no longer yields a dark 
blue precipitate with ferrous salts, but a dark green or slate- 
colored precipitate. It is then removed from the fire, and left 
to crystallize, whereupon it yields a large quantity of crystals 
of nitre, and more or less oxamide. The strongly-colored mother 
liquid is then neutralized with carbonate of potash or soda, 
according to the salt to be prepared, and the solution is boiled, 
whereupon it generally deposits a green or brown precipitate. 
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which must be separated by filtration. The liquid then con- 
tains nothing but nitroprusside and nitrate of potash or soda. 
The nitrates being the least soluble, are first crystallized, 
and the remaining liquid, on farther evaporation, yields crys- 
tals of the nitroprusside. The sodium salt crystallizes most 
easily. — ( Playfaib. ) 

As some substances, particularly in complicated compounds, 
are not detected with sufficient nicety in the dry way of ana- 
lysis, it will often be necessary to resort to the wet way. It is 
therefore necessary to have prepared the reagents required 
for such testing, as every person, before he can become an 
expert blowpipe analyst, must be acquainted with the charac- 
teristic tests as applied in the wet way. 



Part II. 



INITIATORY ANALYSIS. 

Qualitative analysis refers to those examinations which 
relate simply to the presence or the absence of certain sub, 
stances, irrespective of their quantities. But before we take 
cognizance of special examinations, it would facilitate the 
progress of the student to pass through a course of Initiatory 
Exercises. These at once lead into the special analysis of 
all those substances susceptible of examination by the blowpipe. 
The Initiatory Analysis is best studied by adopting the following 
arrangement : 

1. Examinations with the glass bulb. 



2. 
8. 
4. 
5. 
6. 

n. 



with the open tube. 

upon charcoal. 

in the platinum forceps. 

in the borax bead. 

in microcosmic salt. 

in the carbonate of soda bead. 



8. Ck)nfirmatory examinations. 



1. EXAMINATIONS WIIH THE GLASS BULB. 

The glass of which the bulb is made should be entirely free 
from lead, otherwise fictitious results will ensue. If the bulb 
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be of flint glass, then by heating, it, there is a slightly iridescent 
film caused upon the surface of the glass, which may easily be 
mistaken for arsenic. Besides, this kind of glass is easily fusible 
in the oxidating flame of the blowpipe, while, in the reducing 
flame, its ready decomposition would preclude its use entirely. 
The tube should be composed of the potash or hard Bohemian 
glass, should be perfectly white, and very thin, or the heat will 
crack it. 

The tube should be perfectly clean, which can be easily 
attained by wrapping a clean cotton rag around a small stick, 
and inserting it in the tube. Before using the tube, see also 
that it is perfectly dry. 

The quantity of the substance put into the tube for exami- 
nation should be small. From one to three grains is quite 
suflScient, as a general rule, but circumstances vary the quantity. 
The sides of the tube should not catch any of the substance as 
it is being placed at the bottom of the tube, or into the bulb. 
If any of the powder, however, should adhere, it should be 
pushed down with a roll of clean paper, or the clean cotton 
rag referred to above. 

In submitting the tube to the flame, it should be heated at 
first very gently, the heat being increased until the glass begins 
to soften, when the observations of what is ensuing within it 
may be made. 

If the substance be of an organic nature, a peculiar empy. 
reumatic odor will be given ofi'. If the substance chars, then 
it may be inferred that it is of an organic nature. The matters 
which are given- oflF and cause the empyreumatic odor, are a 
peculiar oil, ammonia, carbonic acid, acetic acid, water, cyano- 
gen, and frequently other compounds. If a piece of paper is 
heated in the bulb, a dark colored oil condenses upon the sides 
of the tube, which has a strong empyreumatic odor. A piece 
of litmus paper indicates that this oil is acid, as it is quickly 
changed to red by contact with it. A black residue is now 
left in the tube, and upon examination we will find that it is 
charcoal. If, instead of the pape**, a piece of animal substance 
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is placed in the bulb, the reddened litmus paper will be con- 
verted into its original blue color, while charcoal will be left 
at the bottom of the tube. 

A changing of the substance, however, to a dark color, 
should not be accepted as an invariable indication of charcoal, 
as some inorganic bodies thus change color, but the dark 
substance will not be likely to be mistaken for charcoal. Bj 
igniting the suspected substance with nitrate of potassa, it can 
quickly be ascertained whether it is organic or not, for if the 
latter, the vivid deflagration will indicate it. 

If the substance contains water, it will condense upon the 
cold portion of the tube, and may be there examined as to 
whether it is acid or alkaline. If the former, the matter under 
examination is, perhaps, vegetable ; if the latter, it is of an 
animal nature. The water may be that fluid absorbed, or it 
may form a portion of its constitution. 

If the substance contain sulphur^ the sublimate upon the 
cold part of the tube may be recognized by its characteristic 
appearance, especially if the substance should be a sulphide of 
tin, copper, antimony, or iron. The hyposulphites, and several 
other sulphides, also give oflF sulphur when heated. The 
volatile metals, mercury and arsenic, will, however, sublime 
without undergoing decomposition. As the sulphide of arsenic 
may be mistaken, from its color and appearance, for sulphur, 
it must be examined especially for the purpose of determining 
that point. 

SeleniuM will likewise sublime by heat as does sulphur. This 
is the case if selenides are present. Selenium gives ofi' the 
smell of decayed horse-radish. 

When the persalts are heated they are reduced to protosalts, 
with the elimination of a part of their acid. This will be 
indicated by the blue litmus paper. 

If some of the neutral salts containing a volatile acid be 
present, they will become decomposed. For instance, the red 
nitrous acid water of the nitrates will indicate the decomposition 
of the salt, especially if it be the nitrate of a metalic oxide. 

3 



60 The Blowpipe. 

If there is an odor of sulphur, then it is quite probable, if 
no free sulphur be present, that a hyposulphite is decomposed. 

If an oxalate be present, it is decomposed with the evolution 
of carbonic oxide, which may be inflamed at the mouth of the 
tube ; but there are oxalates that give off carbonic acid gas, 
which, of course, will not burn. A cvanide will become decom- 
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posed and eliminate nitrogen gas, while the residue is charred. 
Some cyanides are, however, not thus decomposed, as the dry 
cyanides of the earths and alkalies. 

There are several oj^ides of metals which will sutlime, and 
may be thus examined in the tube. Arsenious add sublimes with 
great ease in minute octohedral crystals. The oxides of tellu- 
rium and antimony \^ill sublime, the latter in minute glittering 
needles. 

There are several metals which will sublime, and may be 
examined in the cold portion of the tube. Mercury condenses 
upon the tube in minute globules. These often do not present 
the metalic appearance until they are disturbed with a glass 
rod, when they attract each other, and adhere as small 
globules. Place in the tube about a grain of red precipitate 
of the drug stores and apply heat, when the oxide will become 
decomposed,' its oxygen will escape while the vaporized mer- 
cury will condense upon the cold portion of the tube, and may 
there be examined with a magnifying glass. 

Arsenic, when vaporized, may be known by its peculiar alli- 
aceous odor. Arsenic is vaporized from its metallic state, and 
likewise from its alloys. Several compounds which contain 
arsenic will also sublime, such as the arsenical cobalt. Place 
in the bulb a small piece of arsenical cobalt or "fly-stone," 
and apply heat. The sulphide of arsenic will first rise, but 
soon the arsenic will adhere to the sides of* the tube. 

The metals tellurium and cadmium are susceptible of solution, 
but the heat required is a high one. This is best doue upon 
charcoal. 

The pcrcMoride of mercury sublimes andecomposcd in the bulb, 
previously undergoing fusion. 
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The protocklomde of mercury likewise sublimes, but it does not 
undergo fusion first, as is the case with the corrosive sublimate. 

The ammoniacal salts all are susceptible of sublimation, which 
they do without leaving a residue. There are, however, several 
which contain fixed acids, which latter are left in the bulb. 
This is particularly the case with the phosphates and borates 
A piece of red litmus paper will readily detect the escaping 
ammonia, while its odor will indicate its presence with great 
certainty. The halogen compounds of mercury, we should have 
mentioned, also sublime, the red iodide giving a yellow subli- 
mate. 

The bulb is also a convenient little instrument for the pur- 
pose of heating those substances which phosphoresce, and like- 
wise those salts that decrepitate. 

Should the above reactions not be readily discerned, it should 
not be considered as an indication that the substances are not 
present, for they are frequently expelled in such combinations 
that the above reactions will not take place. This is often the 
case with sulphur, selenium, arsenic, and tellurium. It fre- 
quently happens, likewise, that these substances are in such 
combinations that heat alone will not sublime them ; or else two 
or more of them may arise together, and thus complicate the 
sublimate, so that the eye cannot readily detect either substance. 
Sometimes sulphur and arsenic will coat the tube with a metal- 
like appearance, which is deceptive. This coating presents a 
metallic lustre at its lower portion, but changing, as it pro- 
gresses upward, to a dark brown, light brown, orange or yellow ; 
this sublimate being due to combinations of arsenic and sulphur, 
which compounds are volatilized at a lower temperature than 
metallic arsenic. 

If certain reagents are mixed with many substances, changes 
are effected which would not ensue with heat alone. Formiatt 
of soda possesses the property of readily reducing metallic 
oxides. When this salt is heated, it gives off a quantity of 
carbonic oxide gas. This gas, when in the presence of a metal- 
lic oxide, easily reduces the metal, by withdrawing its oxygen 
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from it, and being changed into carbonic oxide. If a little fly- 
stone is mixed with some formiate of soda, and heated in the 
bulb, the arsenic is reduced, volatilized, and condenses in the 
cool portion of the tube. By this method, the smallest portion 
of a grain of the arsenical componnd may be thus examined 
with the greatest readiness. If the residue is now washed, by 
which the soda is got rid of, the metallic arsenic may be obtained 
in small spangles. If the compound examined be the sulphide 
of antimony, the one-thousandth part can be readily detected, and 
hence this method is admirably adapted to the examination of 
medicinal antimonial compounds. The arsenites of silver and cop- 
per are reduced by the formiate of soda to their metals, mixed with 
metallic arsenic. The mercurial salts are all reduced with the 
metal plainly visible as a bright silvery ring on the cool por- 
tion of the tube. The chloride and nitrate of silver are com- 
pletely reduced, and may be obtained after working out the 
soda, as bright metallic spangles. The salts of antimony and 
zinc are thus reduced ; also the sulphate of cadmium. The 
sublimate of the latter, although in appearance not unlike that 
of arsenic, can easily be distingushed by its brighter color. It 
is, in fact, the rich yellow of this sublimate which has led artists 
to adopt it as one of their most valued pigments. 

2. EXAMINATIONS IN THE OPEN TUBE. 

The substance to be operated upon should be placed in the 
tube, about half an inch from the end, and the flame applied at 
first very cautiously, increasing gradually to the required tempe- 
rature. The tube, in all these roasting operations, as they are 
termed, should be held in an inclined position. The nearer 
perpendicular the tube is held, the stronger is the draught of 
air that passes through it. If but little heat is required in the 
open tube operation, the spirit-lamp is the best method of 
applying the heat. But if a greater temperature is required, 
thon recourse must be had to the blowpipe. Upon the angle 
of inclination of the tube depends the amount of air that passes 



Initiatoey Analysis. 



53 



through it, and therefore, the rapidity of the draught may be 
easily regulated at the will of the operator. The inclination of 
the tube may, as a general rule, be about the angle represented 



in Fig 14. 




Pig. 14 



The length of the tube must be about six inches, so that the 
portion upon which the substance rested in a previous examina- 
tion may be cut off. The portion of the tube left will answer 
for several similar operations. 

When the substance is under examination, we should devote 
our attention to the nature of the sublimates, and to that of 
the odors of the gases. If sulphur be in the substance experi- 
mented upon, the characteristic odor of sulphurous acid gas will 
readily indicate the sulphur. If metallic sulphides, for instance, 
are experimented upon, the sulphurous acid gas eliminated will 
readily reveal their presence. As it is a property of this gas 
to bleach, a piece of Brazil-wood test paper should be held in 
the mouth of the tube, when its loss of color will indicate the 
presence of the sulphurous acid. It often happens, too, that a 
slight deposition of sulphur will be observed upon the cool por- 
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tion of the tube. This is particularly the case with those sul- 
phides which yield sublimates of sulphur when heated in the 
bulb. 

Selenium undergoes but slight oxidation, but it becomes 
readily volatilized, and may be observed on the cool portion 
of the tube. At the same time the nose, if applied close to the 
end of the tube, will detect the characteristic odor of rotten 
horse-radish. Arsenic also gives its peculiar alliaceous odor, 
which is so characteristic that it can be easily detected. A 
few of the arsenides produce this odor. The sublimates should 
be carefully observed, as they indicate often with great cer- 
tainty the presence of certain substances ; for instance, that 
of arsenic. The sublimate, in this case, presents itself as the 
arsenious acid, or the metallic ar^nic itself. If it be the former, 
it may be discerned by aid of the magnifying glass as beauti- 
ful glittering octohedral crystals. If the latter, the metallic 
lustre will reveal it. 

But it will be observed that while some of the arsenides are 
sublimed at a comparatively low temperature, others require 
a very high one. 

Antimony gives a white sublimate when its salts are roasted, 
■ as the sulphide, or the antimonides themselves, or the oxide of 
this metal. This white sublimate is not antimonious acid, but 
there is mixed with it the oxide of antimony with which the 
acid is sublimed. As is the case with arsenious acid, the anti- 
monious acid may, by dexterous heating, be driven from one 
portion of the tube to another. 

TeUu/riyMf or its acid and oxide, may be got as a sublimate 
in the tube. The tellurious acid, unlike the arsenious and anti- 
monious acids, cannot be driven from one portion of the tube 
to another, but, on the contrary, it fuses into small clear 
globules, visible to the naked eye sometimes, but quite so with 
the aid of the magnifying glass. 

Leadj or its chloride, sublimes like tellurium, and, like that 
substance, fuses into globules or drops. 

Bismuth, or its sulphide, sublimes into an orange or brown 
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ish globules, when it is melted, as directed above, for telln- 
riam. The color of the bismath and lead oxides are somewhat 
similar, although that of the latter is paler. 

If any mineral containing JLuormR is fused, first with the 
microcosmic salt bead, then put into the tube, and the flame 
a the blowpipe be directed tTUo the tube upon the bead, hydro- 
fluoric acid is disengaged and attacks the inside of the tube. 
The fluoride of calcium, or fluorspar, may be used for this 
experiment. 

DuriDg the roasting, a brisk current of air should be allowed 
to pass through the tube, whereby unoxidized matter may be 
prevented from volatilization, and the clogging up of the sub- 
stance under examination be prevented. 

3. EXAMINATIONS UPON CHARCOAL. 

In making examinations upon charcoal, it is quite necessary 
that the student should make himself familiar with the different 
and characteristic appearances of the deposits upon the char- 
coal. In this case I have found the advice given by Dr. Siierer 
to be the best ; that is, to begin with the examination of the 
pure materials first, until the eye becomes familiarized with the 
appearances of their incrustations upon charcoal. 

The greater part of the metals fuse when submitted to the 
heat of the blowpipe, and if exposed to the outer flame, they 
oxidize. These metals, termed the noble metals, do not oxidize, 
but they fuse. The metals platinum, iridium, rhodium, osmium 
and palladium do not fuse. The metal osmium, if exposed to 
the flame of oxidation, fuses and is finally dissipated as osmic 
acid. In the latter flame, the salts of the noble metals are 
reduced to the metallic state, and the charcoal is covered with 
the bright metal. , 

We shall give a brief description of the appearance of the 
principal elementary bodies upon being fused with charcoal. 
This plan is that deemed the most conducive to the progress 
of the student, by Berzelius, Plattner, and Sherer. Experience 
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has taught us that this method is the most efficient thfti could 
have been devised as an initiatory exercise for the student, ere 
he commences a more concise and methodical method of analy- 
sis. In these reactions upon charcoal, we shall follow nearly 
the language of Plattner and Sherer. 

Selenium is not difficult of fusion, and gives off brown fumes 
in either the oxidation or reduction flame. The deposit upon the 
charcoal is of a steel-grey color, with a slightly metallic lustre. 
The deposit however that fuses outside of this steel-grey one is 
of a dull violet color, shading off to a light brown. Under the 
flame of oxidation this deposit is easily driven from one portion 
of the charcoal to another, while the application of the re- 
ducing flame volatilizes it with the evolution of a beautiful 
blue light. The characteristic odor of decayed horse-radish 
distinguishes the volatilization of this metal. 

Tellurium. — This metal fuses with the greatest readiness, 
and is reduced to vapor under both flames with fumes, and 
coats the charcoal with a deposit of tellurous acid. This 
deposit is white near the centre, and is of a dark yellow near 
the edges. It may be driven from place to place by the flame 
of oxidation, while that of reduction volatilizes it with a green 
flame. If there be a mixture of selenium present, then the 
color of the flame is bluish-green. 

Arsenic. — This metal is volatilized without fusing, and 
covers the charcoal both in the oxidizing and reducing flames 
with a deposit of arsenious acid. This coating is white in the 
centre, and grey towards the edges, and is found some distance 
from the assay. By the most gentle application of the flame, 
it is immediately volatilized, and if touched for a moment with 
the reducing flame, it disappears, tinging the flame pale blue. 
During volatilization a strong garlic odor is distiucly percepti- 
ble, very characteristic of arsenic, and by which its presence 
in any compound may be immediately recognized. 

Antimony. — This metal fuses readily, and coats the charcoal 
under both flames with antimonious acid. This incrustation is 
of a white color where thick, but of a bluish tint where it is 
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thin, and is fonnd nearer to the assay than that of arsenic. 
When greatly heated by the flame of oxidation, it is driven 
from place to place without coloring the flame, but when vola- 
tilized by the flame of reduction, it tinges the flame blue. As 
antimonious acid is not so volatile as arsenious acid, they may 
thus be easily distinguished from one another. 

When metallic antimony is fused upon charcoal, and the 
metallic bead raised to a red heat, if the blast be suspended, 
the fluid bead remains for some time at this temperature, giving 
off opaque white fumes, which are at first deposited on the 
surrounding charcoal, and then upon the bead itself, covering 
it with white, pearly crystals. The phenomenon is dependent 
upon the fact, that the heated button of antimony, in absorbing 
oxygen from the air, developes sufficient heat to maintain the 
metal in a fluid state, until it becomes entirely covered with 
crystals of antimonious acid so formed. 

Bismuth. — This metal fuses with ease, and under both flames 
covers the charcoal with a coatiug of oxide, which, while hot, 
is of an orange-yellow color, and after cooling, of a lemon-ytl- 
low color, passing, at the edges, into a bluish white. This 
white coating consists of the carbonate of bismuth. The subli- 
mate from bismuth is formed at a less distance from the assay 
than is the case with antimony. It may be driven from place 
to place by the application of either flame ; but in so doing, 
the oxide is first reduced by the heated charcoal, and the 
metallic bismuth so formed is volatilized and reoxidized. The 
flame is uncolored. 

Lead. — This metal readily fuses under either flame, and 
incrusts the charcoal with oxide at about the same distance 
from the assay as is the case with bismuth. The oxide is, while 
hot, of a dark lemon-yellow color, but upon cooling, becomes 
of a sulphur yellow. The carbonate which is formed upon the 
charcoal, beyond the oxide, is of a blm'sh-white color. If the 
yellow incrustation of the oxide be heated with the flame of 
oxidation, it disappears, undergoing changes similar to those of 

3* 
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bismuth above mentioned. Under the flame of reduction, it, 
however, disappears, tinging the flame blue. 

Cadmium. — This metal fuses with ease, and, in the flame of 
oxidation, takes fire, and burns with a deep yellow color, giving 
off brown fumes, which coat the charcoal, to within a small 
distance of the assay, with oxide of cadmium. This coating 
exhibits its characteristic reddish-brown color most clearly when 
cold. Where the coating is very thin, it passes to an orange 
color. As oxide of cadmium is easily reduced, and the metal 
very Volatile, the coating of oxide may be driven from place to 
place by the application of either flame, to neither of which 
does it impart any color. Around the deposit of oxide, the 
charcoal has occasionally a variegated tarnish. 

Zinc. — This metal fuses with ease, and takes fire in the flame 
of oxidation, burning with a brilliant greenish-white light, and 
forming thick white fumes of oxide of zinc, which coat the 
charcoal round the assay. This coating is yellow while hot, 
but when perfectly cooled, becomes white. If heated with the 
flame of oxidation, it shines brilliantly, but is not volatilized, 
since the heated charcoal is, under these circumstances, insuflfi- 
cient to effect its reduction. Even under the reducing flame, 
it disappears very slowly. 

Tin. — This metal fuses readily, and, in the flame of oxidation, 
becomes covered with oxide, which, by a strong blast, may 
be easily blown off. In the reducing flame, the fused metal 
assumes a white surface, and the charcoal becomes covered with 
oxide. This oxide is of a pale yellow color while hot, and is 
quite brilliant when the flame of oxidation is directed upon 
it. After cooling, it becomes white. It is found immediately 
around the assay, and cannot be volatilized by the application 
of either flame. 

Molybdenum. — ^This metal, in powder, is infusible before the 
blowpipe. If heated in the outer flame, it becomes gradually 
oxidized, and incrusts the charcoal, at a small distance from 
the assay, with molybdic acid, which, near the assay, forms 
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transparent crystalline scales, and is elsewhere deposited as a 
fine powder. The incrustation, while hot, is of a yellow color, 
but becomes white after cooling. It may be Tolatilized by 
heating with either flame, and leaves the surface of the char- 
coal, when perfectly cooled, of a dark-red copper color, with a 
metallic lustre, due to the oxide of molybdenum, which has been 
formed by the reducing action of the charcoal upon the molyb. 
die acid. In the reducing flame, metallic molybdenum remains 
unchanged. 

Silver. — This metal, when fused alone, and kept in -this 
state for some time, under a strong oxidizing flame, covers the 
charcoal with a thin film of dark reddish-brown oxide. If the 
silver be alloyed with lead, a yellow incrustation of the oxide 
of that metal is first formed, and afterwards, as the silver 
becomes more pure, a dark red deposit is formed on the char- 
coal beyond. If the silver contains a small quantity of anti- 
mony, a white incrustation of antimonious acid is formed, which 
becomes red on the surface if the blast be continued. And if 
lead and antimony are both present in the silver, after the greater 
part of these metals have been volatilized, a beautiful crimson 
incrustation is produced upon the charcoal. This result is 
sometimes obtained in fusing rich silver ores on charcoal. 

SULPHIDES, CHLORIDES, IODIDES, AND BROMIDES. 

In blowpipe experiments, it rarely occurs that we have to 
deal with pure metals, which, if not absolutely non-volatile, 
are recognized by the incrustation they form upon charcoal. 
Some compound substances, when heated upon charcoal, form 
white incrustations, resembling that formed by antimony, and 
which, when heated, may, in like manner, be driven from place 
to place. Among these are certain sulphides, as sulphide of 
potassium, and sulphide of sodium, which are formed by the 
action cf the reducing flame upon the sulphates of potassa and 
soda, a id are, when volatilized, reconverted into those sulphates, 
and as such deposited on the charcoal. No incrustation is, 
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however, formed, until the whole of the alkaline sulphate has 
been absorbed into the charcoal, and has parted with its oxy- 
gen. As sulphide of potassium is more volatile than sulphide 
of sodium, an incrustation is formed from the former sooner 
than from the latter of these salts, and is considerably thicker 
in the former case. If the potash incrustation be touched with 
the reducing flame, it disappears with a violet-colored flame ; 
and if a soda incrustation be treated in like manner, an orange- 
yellow flame is produced. 

Sulphide of lithium, formed by heating the sulphate in the 
reducing flame, is volatilized in similar manner by a strong 
blast, although less readily than the snlphide of sodium. It 
affords a greyish white film, which disappears with a crimson 
flame when submitted to the reducing flame. 

Besides the above, the sulphides of bismuth and lead give, 
when heated in either flame, two different incrustations, of 
which the more volatile is of a white color, and consists in the 
one case of sulphate of lead, and in the other of sulphate of 
bismuth. If either of these be heated under the reducing flame, 
it disappears in the former case with a bluish flame, in the 
latter unaccompanied by any visible flame. The incrustation 
formed nearest to the assay consists of the oxide of lead or 
bismuth, and is easily recognized by its color when hot and 
after cooling. There are many other metallic sulphides, which, 
when heated by the blowpipe flame, cover the charcoal with 
a white incrustation, as sulphide of antimony, sulphide of zinc, 
and sulphide of tin. In all these cases, however, the incrusta- 
tion consists of the metallic oxide alone, and either volatilizes 
or remains unchanged, when submitted to the oxidizing flame. 

Of the metallic chlorides there are many which, when heated 
on charcoal with the blowpipe flame, are volatilized and re- 
deposited as a white incrustation. Among these are the 
chlorides of potassium, sodium, and lithium, which volatilize 
and cover the charcoal immediately around the assay with a 
thin white film, after they have been fused and absorbed into 
the charcoal, chloride of potassium forma the thickest deposit, 
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and chloride of lithium the thinnest, the latter being moreover 
of a greyish- white color. The chlorides of ammonium, mercury, 
and antimony Yolatilize without fusing. 

The chlorides of zinc, cadmium, lead, bismuth, and tin first 
fuse and then cover the charcoal with two different iucrusta. 
tions, one of which is a white volatile chloride, and the other 
a less volatile oxide of the metal. 

Some of the incrustations formed by metallic chlorides dis. 
appear with a colored flame when heated with the reducing 
flame ; thus chloride of potassium affords a violet flame, chlo- 
ride of sodium an orange one, chloride of lithium a crimson 
flame, and chloride of lead a blue one. The other metals 
mentioned above volatilize without coloring the flame. 

The chloride of copper fuses and colors the flame of a beauti- 
M blue. Moreover, if a continuous blast be directed upon the 
salt, a part of it is driven off in the form of white fumes which 
smell strongly of chlorine, and the charcoal is covered with 
incrustations of three different colors. That which is formed 
nearest to the assay is of a dark grey color, the next, a dark 
yellow passing into brown, and the most distant of a bluish 
white color. If this incrustation be heated under the reducing 
flame, it disappears with a blue flame. 

Metallic iodides and bromides behave upon charcoal in a 
similar manner to the chlorides. Those principally deserving 
of mention are the bromides and iodides of potassium and 
sodium. These fuse upon charcoal, are absorbed into its pores, 
and volatilize in the form of white fumes, which are deposited 
upon the charcoal at some distance from the assay. When 
the saline films so formed are submitted to the reducing flame, 
they disappear, coloring the flame in the same manner as the 
corresponding chlorides. 

4. EXAMINATIONS IN THE PLATINUM FORCEPS. 

Before the student attempts to make an examination in the 
platinum forceps or tongs, he should first ascertain whether 
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or not it will act upon the platinum. If the substance to be 
examined shall act chemically upon the platinum, then it 
should be examined on the charcoal, and the color of the 
flame ascertained as rigidly as possible. The following list of 
substances produce the color attached to them. 

A. VIOLET. 

Potash, and all its compounds, with the exception of the phosphate 
and the borate, tinge the color of the flame violet. 

B. BLUE. 

Chloride of copper, '. Intense blue. 

Lead, Pale clear blue. 

Bromide of copper, . . . , Bluish green. 

Antimony, , . . . .Bluish green. 

Selenium, Blue. 

Arsenic, ; English green. 



C. OBEEN. 

Ammonia, Dark green. 

Boracic acid, Dark green. 

Copper, Dark green. 

Tellurium, Dark green. 

Zinc, Light green. 

Baryta. Apple green. 

Phos'phoric acid, Pale green. 

Molybdic acid, Apple green. 

Telluric acid, Light green. 

D. YELLOW. 

Soda, Intense yellow. 

Water, Feeble yellow. 

E. BED. 

Strontia, Intense crimson. 

Lithia, PurpHsh red. 

Potash, Violet red. 

Lime, Purplish red. 
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The student may often be deceived in regard to the colors : 
for instance, if a small splinter of almost auy mineral be held 
at the point of the flame of oxidation, it will impart a very slio-ht 
yellow to the flame. This is caused, doubtless, by the water 
contained in the mineral. If the piece of platinum wire is used, 
and it should be wet with the saliva, as is frequently done bj 
the student, then the small quantity of soda existing in that 
fluid will color the flame of a light yellow hue. 



A. THE VIOLET COLOB. 

The salts of potash, with the exception of the borate and 
the phosphate, color the flame of a rich violet hue. This color 
is best discovered in the outer flame of the blowpipe, as is the 
case with all the other colors. The flame should be a small 
one, with a lamp having a small wick, while the orifice of the 
blowpipe must be quite slnall. These experiments should like- 
wise be made in a dark room, so that the colors may be 
discerned with the greatest ease. In investigating with 
potash for the discernment of color, it should be borne in mind 
that the least quantity of soda will entirely destroy the violet 
color of the potash, by the substitution of its own strong 
yellow color. If there be not more than the two hundredth 
part of soda, the violet reaction of the potash will be destroyed. 
This is likewise the case with the presence of lithia, for its 
peculiar red color will destroy the violet of the potash. There- 
fore in making investigations with the silicates which contain 
potash, the violet color of the latter can only be discerned 
when they are free from soda and lithia. 

B. THE BLUE COLOB. 

(a-.) The Chloride of Coj^r, — Any of the chlorides produce 
a blue color in the blowpipe flame, or any salt which contains 
chlorine will show the blue tint, as the color in this case is 
referable to the chlorine itself. There are, however, some 
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chlorides which, in consequence of the peculiar reactions of 
their bases, will not produce the blue color, although iu these 
cases the blue of the chlorine will be very likely to blend itself 
with the color produced by the base. The chloride of copper 
communicates an intense blue to the flame, when fused on the 
platinum wire. If the heat be continued until the chlorine 
is driven ofiF, then the greenish hue of the oxide of copper will 
be discerned. 

(b.) Lead. — Metallic lead communicates to the flame a pale 
blue color. The oxide reacts in the same manner. The lead- 
salts, whose acids do not interfere with the color, impart also 
a fine blue to the flame, either in the platina forceps, or the 
crooked wire. 

(c.) Bromide of Copper. — This salt colors the flame of a 
bluish-green color, but when the bromine is driven off, then we 
have the green of the oxide of copper. 

(d.) Antimony. — This metal imparts a blue color to the 
blowpipe flame, but if the metal is in too small a quantity, 
then the color is a brilliant white. If antimony is fused on 
charcoal, the fused metal gives a blue color. The white sublL 
mate which surrounds the fused rnetal, being subjected to the 
flame of oxidation, disappears from the charcoal with a 
bluish-green color. 

(c.) Selenium. — If fused in the flame of oxidation, it imparts 
to the flame a deep blue color. The incrustation upon char- 
coal gives to the flame the same rich color. 

(/.) Arsenic. — The arseniates and metallic arsenic itself 
impart to the blowpipe flame a fine blue color, provided that 
there is no other body present which may have a tendency to 
color the flame with its characteristic hue. The sublimate of 
arsenious acid which surrounds the assay, will give the same 
blue flame, when dissipated by the oxidation flame. The 
platinum forceps will answer for the exhibition of the color of 
arsenic, even though the salts be arseniates, whose bases possess 
the property of imparting their peculiar color to the flame, 
such as the arseniate of lime 
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0. THE GBEEN COLOR. 

(a.) Ammonia. — ^The salts of ammoma, when heated before 
the blowpipe, and just upon the point of disappearing, impart 
to the flame a feeble though dark green color. This color, 
however, can only be discerned in a dark room. 

(6.) Boradc Add. — If any one of the borates is mixed with 
two parts of a flux composed of one part of pulverized fluor- 
spar, and four and a half parts of bisulphate of potash, and 
after being melted, is put upon the coil of a platinum wire, 
and held at the point of the blue flame, soon after fusion takes 
place a dark green color is discerned, but it is not of long 
duration. The above process is that recommended by Dr. 
Turner. The green color of the borates may be readily seen 
by dipping them, previously moistened with sulphuric acid, 
into the upper part of the blue flame, when the color can 
be readily discerned. If soda be present, then the rich green 
of the boracic acid is marred by the yellow of the soda. Borax, 
or the biborate of soda (NaO, 2B0i) may be used for this 
latter reaction^ but if it be moistened with sulphuric acid, the 
green of the boracic acid can then be seen. If the borates, 
or minerals which contain boracic acid, are fused on charcoal 
with carbonate of potash, then moistened with sulphuric acid 
and alcohol, then the bright green of the boracic acid is pro- 
duced, even if the^ mineral contains but a minute portion of 
the boracic acid. 

(c.) Cor^&r. Nearly all the ores of copper and its salts, 
give a bright green color to the blowpipe flame. Metallic 
copper likewise colors the flame green, being first oxidized. 
If iodine, chlorine, and bromine are present, the flame is con- 
siderably modified, but the former at least intensifies the color. 
Many ores containing copper also color the flame green, but 
the internal portion is of a bright blue color if the compound 
contains lead, the latter color being due to the lead. The 
native sulphide and carbonate of copper should be moistened 
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with Bulptinric acid, while the former should be prerionsly 
roasted. If hydrochloric acid is used for moistening, the salts, 
then the rich green given by that moistened with the sulphuric 
acid is changed to a blue, being thus modified by the chlorine 
of the acid. Silicates containing copper, if heated in the flame 
in the platinum forceps, impart a rich green color to the outer 
flame. In fact, if any substance containing copper be sub- 
mitted to the blowpipe flame, it will tinge it green, provided 
there be no other substance present to impart its own color 
to the flame, and thus modify or mar that of the copper. 

(d.) TeUurmm. — If the flame of reduction is directed upon 
the oxide of tellurium placed upon charcoal, a green color is 
imparted to it. If the telluric acid be placed upon platinum 
wire in the reduction flame, the oxidation flame is colored 
green. Or if the sublimate be dissipated by the flame of 
oxidation, it gives a green color. If selenium be present, the 
green color is changed to a blue. 

(e.) Zinc. — ^The oxide of zinc, when strongly heated, gives a 
blue flame. This is especially the case in the reducing flame. 
The flame is a small one, however, and not very characteristic, 
as with certain preparations of zinc the blue color is changed 
to a bright white. The soluble salts of zinc give no blue color. 

(/.) Baryta. — The soluble salts of baryta, moistened, and 
then submitted to the reduction flame, produce a green color. 
The salt should be moistened, when the color will be strongly 
marked in the outer flame. The insoluble salts do not produce 
so vivid a color as the soluble salts, and they are brighter when 
they have previously been moistened. The carbonate does 
not give a strong color, but the acetate does, so long as it is not 
allowed to turn to a carbonate. The chloride, when fused on 
the platinum wire, in the point of the reduction flame, imparts 
a fine green color to the oxidation flame. This tint changes 
finally to a faint dirty green color. The sulphate of baryta 
colors the flame green when heated at the point of the reduc- 
tion flame. But neither the sulphate, carbonate, nor, in fact, 
ai^.y other salt of baryta, gives such a fine green color as the 
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chloride. The presence of lime does interfere with the reac- 
tion of baryta, but still does not destroy its color. 

(g.) JPhosphoric Add. — The phosphates give a green color 
to the oxidation flame, especially when they are moistened 
with sulphuric acid. This is best shown with the platinum 
forceps. The green of phosphoric, or the phosphates, is much 
less intense than that of the borates or boracic acid, but yet the 
reaction is a certain one, and is susceptible of considerable 
delicacy, either with the forceps, or still better upon platinum 
wire. Sulphuric acid is a great aid to the derelopment 
of the color, especially if other salts be present which would 
be liable to hide the color of the phosphoric acid. In this 
reaction with phosphates, the water should be expelled from 
them previous to melting them with sulphuric acid. They 
should likewise be pulverized. Should soda be present it will 
only exhibit its peculiar color after the phosphoric acid shall 
have been expelled ; therefore, the green color of the phos- 
phoric acid should be looked for immediately upon submitting 
the phosphate to heat. 

(A.) Molybdic Acid. — If this acid or the oxide of molybde- 
num be exposed upon a platinum wire to the point of the 
reduction flame, a bright green color is communicated to the 
flame of oxidation. Take a small piece of the native sulphide 
of molybdenum, and expose it in the platinum tongs to the 
flame referred to above, when the green color characteristic of 
this metal will be exhibited. 

(i.) Telluric Add. — If the flame of reduction is directed 
upon a small piece of the oxide of tellurium placed upon char- 
coal, a bright green color is produced. Or if telluric acid be 
submitted to the reduction flame upon the loop of a platinum, 
wire, it communicates to the outer flame the bright green of 
tellurium. If the sublimate found upon the charcoal in the 
first experiment be submitted to the blowpipe flame, the green 
color of tellurium is produced while the sublimate is volatilized. 
If selenium be present the green color is changed to a deep 
blue one 
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D. YELLOW. 

The salts of soda all give a bright yellow color when heated 
in the platinum loop in the reduction flame. This color is 
very persistent, and will destroy the color of almost any other 
substance. Every mineral of which soda is a constituent, 
give this bright orange-yellow reaction. Even the silicate of 
soda itself imparts to the flame of oxidation the characteristic 
yellow of soda. 

E. BED. 

(a.) Strontm. — Moisten a small piece of the chloride of 
strontium, put it in the platinum forceps and submit it to the 
flame of reduction, when the outer flame will become colored 
of an intense red. If the salt of strontia should be a soluble 
one, the reaction is of a deeper color than if an insoluble salt 
is used, while the color is of a deeper crimson if the salt is 
moistened. If the salt be a soluble one, it should be moistened 
and dipped into the flame, while if it be an insoluble salt, it 
should be kept dry and exposed beyond the point of the flame. 
The carbonate of strontia should be moistened with hydro- 
chloric acid instead of water, by which its color similates that 
of the chloride of strontium when moistened with water. In 
consequence of the decided red color which strontia commu- 
nicates to flame, it is used by pyrotechnists for the purpose of 
making their " crimson fire." 

(i.) Lithia, — The color of the flame of lithia is slightly 
inclined to purple. The chloride, when placed in the platinum 
loop, gives to the outer flame a bright red color, sometimes 
with a slight tinge, of purple. Potash does not prevent this 
reaction, although it may modify it to violet ; but the .decided 
color of soda changes the red of lithia to an orange color. If 
much soda be present, the color of the lithia is lost entirely. 
The color of the chloride of lithium may be distinctly produced 
before the point of the blue flame, and its durability may be 
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the means of determining it from that of lithium, as the latter, 
under the same {'onditions, is qaite eyanescent. The minerals 
wliich contain lithia, frequently contain soda, and thus the lat- 
ter destroys the color of the former. 

(c.) Potash. — The salts of potash, if the acid does not inter- 
fere, give a purplish-red color before the blowpipe ; but as the 
color is more discernibly a purple, we have classed it under, that 
color. 

{d.) lAnvt. — ^The color of the flame of lime does not greatly 
differ from that of strontia, with the exception that it is not so 
decided. Arragonite and calcareous spar, moistened with hydro- 
chloric acid, and tried as directed for strontia, produce a red 
light, not unlike that of strontia. The chloride of calcium gives 
a red tinge, but not nearly so decided as the chloride of strontium. 
The carbonate of lime will produce a yellowish flame for a while, 
until the carbonic acid is driven off, when the red color of the 
lime may be discerned. 

If the borate or phosphate of lime be used, the green color 
of the acids predominates over the red of the lime. Baryta also 
destroys the red color of the lime, by mixing its green color 
with it. There is but one silicate of lime which colors the 
flame red, it is the variety termed tabular spar. 

5. EXAMINATIONS IN THE QORAX BEAD. 

la order to examine a substance in borax, the loop of the 
platinum wire should, after being thoroughly cleaned, and 
heated to redness, be quickly dipped into the powdered 
borax, and then quickly transferred to the flame of oxidation, 
and there fused. If the bead is not large enough to fill the 
loop of the wire, it must be subjected again to the same pro- 
cess. By examining the bead, both when hot and cold, by 
holding it up against the light, it can be soon ascertained whe- 
ther it is free from dirt by the transparency, or the want of it, of 
the bead. 

In order to make the examination of a substance, the bead 
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should be melted and pressed against it, when enough will 
adhere to answer the purpose. This powder should then be 
fused in the oxidation flame until it mixes with, and is tho- 
roughly dissolved by the borax bead. 

The principal objects to be determined now are : the color of 
tlie borax bead, botli when heated and when cooled ; also the 
rapidity with which the substance dissolves in the bead, and if 
any gas is eliminated. 

If the color of the bead is the object desired, the quantity of 
the substance employed must be very small, else the bead will 
be so deeply colored, as in some cases to appear almost opaque, 
as, for instance, in that of cobalt. Should this be the case, 
then, while the bead is still red hot, it should be pressed flat 
with the forceps ; or it may, while soft, be pulled out to a thio 
thread, whereby the color can be distinctly discovered. 

Some bodies, when heated in the borax bead, present a clear 
bead both while hot and cold ; but if the bead be heated 
with the intermittent flame, or in the flame of reduction, it 
becomes opalescent, opaque or milk-white. The alkaline earths 
are instances of tliis kind of reaction, also glucina oxide 
of cerium, tantalic and titanic acids, yttria and zirconia. 
But if a small portion of silica should be present, then the bead 
becomes clear. This is likewise the case with some silicates, 
provided there be not too large a quantity present, that is : over 
the quantity necessary to saturate the borax, for, in that case, 
the bead will be opaque when cool. 

If the bead be heated on charcoal, a small tube or cavity 
must be scooped out of the charcoal, the bead placed in it, and 
the flame of reduction played upon it. When the bead is per 
fectly fused, it is taken up between the platinum forceps and 
pressed flat, so that the color may be the more readily discerned. 
This quick cooling also prevents the protoxides, if there be any 
present, from passing into a higher degree of oxidation. 

The bead should first be submitted to the oxidation flame, 
and any reaction carefully observed. Then the bead should be 
submitted to the flame of reduction. It must be observed that 
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tbe platinum forceps should not be used when there is danger 
of a metallic oxide being reduced, as in this case the metal 
would alloy with the platinum and spoil the forceps. In this 
case charcoal should be used for the support. If, however, 
there be oxides present which are not reduced by the borax, 
then the platinum loop may be used. Tin is frequently used 
for the purpose of enabling the bead to acquire a ^olor for an 
oxide in the reducing flame, by its affinity for oxygen. The 
oxide, thus being reduced to a lower degree of oxidation, 
imparts its peculiar tinge to the bead as it cools. 

The arsenides and sulphides, before being examined, should 
be roasted, and then heated with the borax bead. The arsenic 
of the former, it should be observed, wiU act on the glass tube 
in which the sublimation is proceeding, if the glass should 
contain lead. 

It should be recollected that earths, metallic oxides, and 
metallic acids are soluble in borax, except those of the easily 
reducible metals, such as platinum or gold, or of mercury, which 
too readily vaporize. Also the metallic sulphides, after the 
sulphur has been driven off. Also the salts of metals, after 
their acids are driven off by heat. Also the nitrates and car- 
bonates, after their acids are driven off during the fusion. 
Also the salts of the halogens, such as the chlorides, iodides, 
bromides, etc., of the metals. Also the silicates, but with 
great tardiness. Also the phosphates and borates that fuse in 
the bead without suffering decomposition. The metallic sul- 
phides are insoluble in borax, and many of the metals in the 
pure state. 

There are many substances which give clear beads with 
borax both while hot and cold, but which, upon being heated 
with the intermittent oxidation flame, become enamelled and 
opaque. The intermittent flame may be readily attained, 
not by varying the force of the air from the mouth, but by 
raising and depressing the bead before the point of the steady 
oxidating flame. The addition of a little nitrate of potash 
will often greatly facilitate the production of a color, as it 
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oxidizes the metal. The hot bead should be pressed upon a 
small crystal of the nitrate, when the bead swells, intumesces^ 
and the color is manifested in the surface of the bead. 



6. EXAMINATIONS IN HICBOCOSMIG SALT. 

Microcosmic salt is a better flux for many metallic oxides 
than borax, as the colors are exhibited in it with more strength, 
and character. Microcosmic salt is the phosphate of soda and 
ammonia. When it is ignited it passes into the biphosphate 
of soda, the ammonia being driven off. This biphosphate of 
soda possesses an excess of phosphoric acid, and thus has 
the property of dissolving a great number of substances, in 
fact almost any one, with the exception of silica. If the 
substances treated with this salt consist of sulphides or arse- 
nides, the bead must be heated on charcoal. But if the 
substance experimented upon consists of earthly ingredients 
or metallic oxides, the platinum wire is the best. If the latter 
is used a few additional turns should be given to the wire in 
consequence of the greater fluidity of the bead over that of 
borax. The microcosmic salt bead possesses the advantage 
over that of borax, that the colors of many substances are 
better discerned in it, and that it separates the acids, the more 
volatile ones being dissipated, while the fixed ones combine 
with a portion of the base equally with the phosphoric acid, 
or else do not combine at all, but float ab6ut in the bead, as 
is the case particularly with silicic acid. Many of the 
silicates give with .borax a clear bead, while they form with 
microcosmic salt an opalescent one. 

It frequently happens, that if a metallic oxide will not give 
its peculiar color in one of the flames, that it will in the other, 
as the difference in degree with which the metal is oxidized 
often determines the color. If the bead is heated in the re- 
ducing flame, it is well that it should be cooled rapidly to 
prevent a reoxidatiou. Reduction is much facilitated by the 
employment of metallic tin, whereby the protoxide or the 
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reduced metal may be obtained in a comparatiTelj brief 
time. 

The following tables, taken from Plattner and Sherer, will 
present the reactions of the metallic oxides, and some of the 
metallic acids, in snch a clear light, that the' stndent cannot 
very easily be led astray, if he gives the least attention to them. 
It frequently happens that a tabular statement of reactions 
will impress facts upon the memory when long detailed descrip- 
tions will fail to do so. It is for this purpose that we eabjoin 
the following excellent tables. 



TABLE I. 



A» BORAX. B. MICROOOSMIO BALt 

1. Oxydizing flame. 1. Oxydizing flanM. 

2. Reducing " 2. Reducing ** 
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is thin and does not ex* 
hibit its color clearly 
until quite cold. The 
addition of tin hastens 
the reaction. 


On charcoal the plam- 
biferous glass becomes 
grey and dull. With an 
over dose of oxide a part 
is volatilized and forms 
an incrustation on the 
charcoal beyond the 
bead. The addition of 
tin does not render the 
glass opaque, but some- 
what more dull and grey 
than in its absence. 


yellow tinge, while hot, 
which disappears on 
cooling, and when per- 
fectly saturated, becomes 
milk-white. 


As with borax, but a 
larger addition of oxide, 
required to produce a 
yellow color in the warm 
bead 


metallic cadmium is vo- 
latilized and incrusts the 
charcoal with its char- 
acteristic deep yellow 
oxide. 

• 


The plumbiferous glass 
spreads out on charcoal, 
becomes turbid, bubbles 
up, until the whole of 
the oxide is reduced, 
when it again becomes 
clear. It is, however, 
difficult to bring the lead 
together into a bead. 
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1. EXAMINATIONS WITH CARBONATE OF SODA. 

The carbonate of soda is pulverized and then kneaded to a 
paste with water; the substance to be examined, in fine powder, 
is also mixed with it. A small portion of this paste is placed 
on the charcoal, and gradually heated until the moisture is 
expelled, when the heat is brought to the fusion of the bead, 
or as high as it can be raised. Several phenomena will take 
place, which must be closely observed. Notice whether the 
substance fuses with the bead, and if so, whether there is intu- 
mescence or not. Or, whether the substance undergoes reduc- 
tion; or, whether neither of these reactions takes place, and, on 
the contrary, the soda sinks into the charcoal, leaving the sub- 
stance intact upon its surface. If intumescence takes place, the 
presence of either tartaric acid, molybdic acid, silicic, or tung- 
stic acid, is indicated. The silicic acid will fuse into a bead, 
which becomes clear when it is cold. Titanic acid will fuse 
into the bead, but may be easily distinguished from the silicic 
acid by the bead remaining opaque when cold. 

Strontia and baryta will flow into the charcoal, but lime will 
not. The molybdic and tungstic acids combine with the soda, 
forming the respective salts. " These salts are absorbed by 
the charcoal. If too great a quantity of soda is used, the bead 
will be quite likely to become opaque upon coolibg, while, if 
too small a quantity of soda is used, a portion of the substance 
will remain undissolved. These can be equally avoided by 
either the addition of soda, or the substance experimented 
upon, as may be required. 

As silica and titanic acid are the only two substances that 
produce a clear bead, the student, if he gets a clear bead, may 
almost conclude that he is experimenting with silica, titanic 
acid being a rare substance. When soda is heated with 
silica, a slight effervescence will be the first phenomenon no- 
ticed. This is the escape of the carbonic acid of the carbonate 
of soda, while the silicic acid takes its place, forming a glass 
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with the soda. As titanic acid will not act in the same man- 
ner as silica, it can be easily distinguished by its bead not 
being perfectly pellucid. If the bead with which silica is 
fused should be tinted of a hyacinth or yellow color, this may 
be attributed to the presence of a small quantity of sulphur or 
a sulphate, and this sometimes happens from the fact of the 
flux containing sulphate of soda. The following metals, 
when exposed with carbonate of soda to the reducing flame, 
are wholly or partially reduced, viz. the oxides of all the 
noble metals, the oxides and acids of tungsten, molybdenum, 
arsenic, antimony, mercury, copper, tellurium, zinc, lead, bis. 
muth, tin, cadmium, iron, nickel, and cobalt. Mercury and 
arsenic, as soon as they are reduced, are dissipated, while 
tellurium, bismuth, lead, antimony, cadmium, and zinc, are only 
partially volatilized, and, therefore, form sublimates on the 
charcoal. Those metals which are difficult of reduction should 
be fused with oxalate of potassa, instead of the carbonate of 
soda. The carbonic oxide formed from the combustion of the 
acid of this salt is very efficient in the reduction of these metals. 
Carbonate of soda is very efficient for the detection of minute 
quantities of manganese. The mixture of the carbonate of 
soda with a small addition of nitrate of potassa, and the 
mineral containing manganese, must be fused on platinum 
foil. The fused mass, when cooled, presents a fine blue color. 

1. The following minerals, according to Griffin, produce 
beads with soda, but do not fuse when heated alone : quartz, 
agalmatolyte, dioptase, hisingerite, sideroschilosite, leucite, 
mtile, pyrophyllite, wolckonskoite, 

2. The following minerals produce only slags with soda : 
allophane, cymophane, polymignite, aeschynite, oerstedtite, titan 
iferous iron, tantalite, oxides of iron, yttro-tantalite, oxides of 
manganese, peroxide of tin (is reduced), hydrate of alumina, 
hydrate of magnesia, spinel, gahnite, worthite, carbonate of 
zinc, pechuran, zircon, thorite, andalusite, staurolite, gehlenite, 
chlorite spar, chrome ochre, uwarowite, chromate of iron, car- 
bonates of the earths, carbonates of the metallic oxides, basio 
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phosphate of yttria, do. of alumma, do. of lime, persulphate of 
iron, sulphate of alumina, aluminite, alumstone, fluoride of 
cerium, yttrocerite, topaz, corundum, pleonaste, chondrodite. 

3. The following minerals produce beads with a small quan- 
tity of soda, but produce slags if too much soda is added : 
phenakite, pierosmine, olivine, cerite, cyanite, talc, gadolinite, 
lithium-tourmaline. 

1. The following minerals, when fused alone, produce beads. 
Of these minerals the following produce beads with soda : the 
zeolites, spodumene, soda-spodumene, labrador, scapolite, sodalite 
(Greenland), elaeolite, mica from primitive lime-stone, black 
talc, acmite, krokidolite, lievrite, cronstedtite, garnet, cerine, 
helvme, gadolinite, boracic acid, hydrohoracite, tincal, boracite, 
datholite, botryolite, axinite, lapis lazuli, eudialyte, pyrosmalite, 
cryolite. 

2. The following minerals produce beads with a small quan- 
tity of soda, but if too much is added they produce slags : 
okenite, pectolite, red silicate of manganese, black hydro-sili- 
cate of manganese, idocrase, manganesian garnets, orthite, 
pyrorthite, sordawalite, sodalite, fluorspar. 

3. The following minerals produce a slag with soda : brevi- 
cite, amphodelite, chlorite, fahlunite, pyrope, soap-stone (Cor- 
nish) red dichroite, pyrargillite, black potash tourmaline, wol- 
fram, pharmacolite, scorodite, arseniate of iron, tetraphyline, 
hetepozite, uranite, phosphate of iron, do. of strontia, do. of 
magnesia, polyhalite, hauyne. 

4. The following metals are reduced by soda : tungstate of 
lead, molybdate of lead, vanadate of lead, chromate of lead, 
vauquelinite, cobalt bloom, nickel ochre, phosphate of copper, 
sulphate of lead, chloride of lead, and chloride of silver. 

The following minerals fuse on the edges alone, when heated 
in the blow-pipe flame : 

1. The following produce beads with soda : steatite, meer- 
schaum, felspar, albite, petalite, nepheline, anorthite, emerald, 
euclase, turquois, sodalite (Vesuvius). 

2. The following minerals produce beads with a small quan- 

5* 
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tity of soda, but with the addition of nfore produce slags : 
tabular spar, diallage, hypersthene, epidote, zoisite. 

3. The following minerals produce slags only with soda : 
stilpnosiderite, plombgomme, serpentine, silicate of manga- 
nese (from Piedmont), mica from gramte, pimelite, pinite, blue 
dichroite, sphene, karpholite, pyrochlore, tungstate of lime, 
green soda tourmaline, lazulite, heavy spar, gypsum. 

.The reactions of substances, when fused with soda in the 
flame of oxidation may be of use to the student. A few of 
them are therefore given. Silica gives a clear glass. 

The oxide of tellurium and telluric acid gives a clear bead 
when it is hot, but white after it is cooled. 

Titanic acid gives a yellow bead when hot. 

The oxide of chromium gives also a clear yellow glass when 
hot, but is opaque when cold. 

Molybdic acid gives a clear bead when hot, but is turbid and 
white after cooling. 

The oxides and acids of antimony give a clear and colorless 
bead while hot, and white after cooling. 

Yanadic acid is absorbed by the charcoal, although it is not 
reduced. 

Tungstic acid gives a dark yellow clear bead while hot, but 
Is opaque and yellow when cold. 

The oxides of manganese give to the soda bead a fine char- 
acteristic green color. This is the case with a very small quan- 
tity. This reaction is best exhibited on platinum foil. 

Oxide of cobalt gives to the bead while hot a red color, 
which, upon being cooled, becomes grey. 

The oxide of copper gives a clear green bead while hot. 

The oxide of lead gives a clear colorless bead while hot, 
which becomes, upon cooling, of a dirty yellow color and 
opaque. 

The following metals, when they are fused with soda on char- 
coal, in the flame of reduction, produce volatile oxides, and 
leave an incrustation around the assay, viz. bismuth, zinc, 
lead, cadmium, antimony, selenium, tellurium, and arsenic. 
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Bismuth^ nnder the rednction flame, yields small particles of 
metal, which are brittle and easily crushed. The incrastation 
is of a flesh color, or orange, when hot, but gets lighter as it 
cools. The sublimate may be driven about the charcoal from 
place to place, by either flame, but is finally dissipated. While 
antimony and tellurium, in the act of dissipation, give color to 
the flame, bismuth does not, and may thus be distinguished 
from them. ^ 

Zinc deposits an incrustation about the assa.y, which is yel- 
low while hot, but fades to white when cold. The reduction 
flame dissipates this deposit, but not that of oxidation. All 
the zinc minerals deposit th^ oxide incrustation about the 
assay, which, when moistened with a solution of cobalt and 
heated, changes to green. 

Lead is very easily reduced, in small particles, and may be 
easily distinguished by its flattening under the hammer, unlike 
bismuth. It leaves an incrustation .around the assay resem- 
bling that of bismuth, in the color of it, and in the peculiar 
manner in which it lies around the assay. 

Cadmium deposits a dull reddish incrustation around the 
assay. Either of the flames dissipate the sublimate with the 
greatest readiness. 

Antimony reduces with readiness. At the same time it yields 
considerable vapor, and deposits an incrustation around the 
assay. This deposit can be driven about on the charcoal by 
either of the flames. The flame of reduction, however, pro- 
duces the light blue color of the antimony. 

Selenium is deposited on tlie charcoal as a grey metallic- 
looking sublimate, but sometimes appearing purple or blue. 
If the reduction flame is directed on this deposit, it is dissi- 
pated with a blue light.- 

Tellurium is deposited on the charcoal as a white sublimatCf 
sometimes changing at the margin to an orange or red color. 
The oxidation flame drives the deposit over the charcoal, while 
the reduction-flame dissipates it with a greenish color. 

Arsemc is vaporized rapidly, while there is deposited around 
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Part III. 



SPECIAL REACTIONS; OR, THE BEHAVIOR OP 
SUBSTANCES BEFORE THE BLOWPIPE. 

Analytical chemistry may be termed the art of conyerting 
the nnknown constituents of substances, by means of certain 
operations, into new combinations which we recognize through 
the physical and chemical properties which they manifest. 

It is, therefore, indispensably necessary, not only to be cogni- 
zant of the peculiar conditions by which these operations can 
be effected, but it is absolutely necessary to be acquainted with 
the forms and combinations of the resulting product, and with 
eyery modification which may be produced by altering the con- 
ditions of the analysis. 

We shall first give the behavior of simple substances before 
the blowpipe ; and the student should study this part thor- 
oughly, by repeating each reaction, so that he can acquire a 
knowledge of the color, form, and physical properties in gene- 
ral, of the resulting combination. There is nothing, perhaps, 
which will contribute more readily to the progress of the pupil, 
than thorough practice with the reactions recommended in this 
part of the work, for when once the student shall have acquired 
a practical eye in the discernment of the peculiar appearances 
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of substances after they have undergone the decompositions 
produced by the strong heat of the blowpipe flame, together 
witli the reactions incident to these changes, then he will have 
greatly progressed in his study, and the rest will be compara- 
tively simple. 

A. METALLIC OXIDES. 

GROUP FIRST. ^THE ALKALIES: POTASSA, SODA, AMMONIA, AND 

LITHIA. 

The alkalies, in their pure, or carbonated state, render red- 
dened litmus paper blue. This is likewise the case with the 
sulphides of the alkalies. The neutral salts of the alkalies, 
formed with the strong acids, do not change litmus paper, but 
the salts formed with the weak acids, render the red litmus paper 
blue; for instance, the alkaline salts with boracic acid. Fused 
with borax, soda, or microcosraic salt, they give a clear bead. 
The alkalies and their salts melt at a low red heat. The alka- 
lies cannot be reduced to the metallic state before the blow- 
pipe. They are not volatile when red hot, except the alkali 
ammonia, but they are volatile at a white heat. 

{a.) Potassa (KO). — It is not found free, but in combina- 
tion with inorganic and organic acids, as well in the animal as 
in the vegetable organism, as in the mineral kingdom. In the 
pure, or anhydrous state, or as the carbonate, potassa absorbs 
moisture, and becomes fluid, or is deliquescent, as it is termed. 
By exposing potassa, or its easily fusible salts (except the phos- 
phate or borate), upon platinum wire, to the point of the blue 
flame, there is communicated to the external flame a violet 
color, in consequence of a reduction and reoxidation. This 
color, though characteristic of all the potassa compounds, is 
scarcely visible with the phosphate or borate salts of that 
alkali. The admixture of a very little soda (3 Ji^^h) destroys 
the color imparted by the potassa, while the flame assumes a 
yellow color, characteristic of the soda. The presence of lithia 
changes the violet color of the potash into red. The silicates 
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of potassa must exist in pretty large proportion before they can 
be detected by the violet color of the flame, and those minerals 
mast melt easily at the edges. The presence of a little soda in 
these instances conceals the reaction in the potassa entirely. 

If alcohol is poured over potassa compounds which are pow- 
dered, and then set on fire, the external flame appears violet- 
colored, particularly when stirred with a glass rod, and when 
the alcohol is really consumed. The presence of soda in lithia 
will, in this case likewise, hidie by their own characteristic 
color, that of the potassa. 

The salts of potassa are absorbed when fused upon charcoal. 
The sulphur, bromine, chlorine, and iodine compounds of potassa 
give a white, but easily volatile sublimate upon the charcoal, 
around the place where the fused substance reposed. This 
white sublimate manifests itself only when the substance is 
melted and absorbed within the charcoal, and ceases to be 
visible as soon as it is Eubmitted to the reducing flame, while 
the external flame is colored violet; sulphate of potassa, for 
instance, is reduced by the glowing charcoal into the sulphide. 
This latter is somewhat volatile, but by passing through the 
oxidation flame, it is again oxidized into the sulphate. This, 
being less volatile, sublimes upon the charcoal, but by expos- 
ing it again to the flame of reduction, it is reduced and carried 
off to be again oxidized by its passage through the oxidation 
flame. 

Potassa and its compounds give, with soda, borax or micro- 
cosmic salt, as well when hot as cold, colorless beads, unless 
the acid associated with the alkali should itself produce a 
color. When borax is fused with some pure boracic acid, and 
sufficient of the oxide of nickel is added, so that the beads 
appear of a brown color after being cooled, and then the bead 
thus produced fused with the substance suspected to contain 
potassa, in the oxidation flame, the brown color is changed 
to blue. The presence of the other alkalies does not prevent 
this reaction. As it is not possible to detect potassa com- 
pounds with unerring certainty by the blowpipe flame, the 
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the wet method should be resorted to for the purpose of 
confirming it. 

The silicates of potassa must be prepared as follows, for anar 
lytical purposes by the wet way. Mix one part of the finely 
powdered substance with two parts of soda (free from potassa), 
and one part of borax. Fuse the mixture upon charcoal in the 
oxidation flame to a clear, transparent bead. This is to be 
exposed again with the pincers to the oxidation flame, to burn 
off the adhering coal particles. Then pulverize and dissolve in 
hydrochloric acid to separate the silica; evaporate to dryness, 
dissolve the residue in water, with the admixture of a little 
alcohol, and test the filtrate with chloride of platinum for potr 
assa. 

(b.) Soda (NaO). — This is one of the most abundant sub. 
stances, although seldom found free, but combined with chlorine 
or some other less abundant compound. Soda, its hydrate and 
salts manifest in general the same properties as their respective 
potash compounds ; but the salts of soda mostly contain crystal 
water, which leaves the salts if they are exposed to the air, and 
the salts effervesce. 

By exposing soda or its compounds upon a platinum wire to 
the blue flame, a reddish-yellow color is communicated to the 
external flame, which appears as a long brilliant stream and 
considerably increased in volume. The presence of potash does 
not prevent this reaction of soda. If there is too large a 
quantity of potash, the flame near to the substance is violet- 
colored, but the edge of the flame exhibits the characteristic 
tint of the soda. The presence of lithia changes the yellow 
color to a shade of red. 

When alcohol is poured over powdered soda compounds and 
lighted, the flame exhibits a reddish-yellow color, particularly 
if the alcohol is stirred up with a glass rod, or if the alcohol is 
nearly consumed. 

Fused upon charcoal, soda compounds are absorbed by the 
coal. The sulphide, chloride, iodide, and bromide of soda 
yield a white sublimate around the spot where the substance is 
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laid, bnt this snblimate is not so copious as that of the potash 
compounds, and disappears when touched with the reduction 
flame, communicating a yellow color to the external flame. 
The presence of soda in compounds must likewise be confined 
by reactions in the wet way. 

(c.) Ammonia (NH*0). — In the fused state, and at the 
usual temperature, ammonia is a pungent gas, and exerts a 
reaction upon litmus paper similar to potash and soda. 
Ammonium is considered by chemists as a metal, from the 
nature of its behavior with other substances. It has not been 
isolated, but its existence is now generally conceded by all 
chemists. The ammonia salts are volatile, and many of them 
sublimate without being decomposed. 

The salts of ammonia, on being heated in the point of the 
blue flame, produce a feeble green color in the external flame, 
just previous to their being converted into vapor. But this 
color is scarcely visible, and presents nothing characteristic. 
When the ammonia salts are mixed with the carbonate of soda, 
and heated in a glass tube closed at one end, carbonate of 
ammonia is sublimed, which can be readily recognized by its 
penetrating smell of spirits of hartshorn. 

This sublimate will render blue a slip of red litmus paper. 
This can be easily done by moistening the litmus paper, and 
then inserting the end of it in the tube. By holding a glass 
rod, moistened with dilute hydrochloric acid, over the mouth 
of the tube, a white vapor is instantly rendered visible (sal 
ammoniac). 

{d.) Liikia (LiO). — ^In the pure state, lithia is white and 
crystalline, not easily soluble in water, and does not absorb 
moisture. It changes red litmus to blue, and at a low red 
heat it melts. Lithia or its salts, exposed to the point of the 
blue flame, communicates a red color to the external or 
oxidation flame, in consequence of a reduction, sublimation, 
and re-oxidatioH x)f the lithia. An admixture of potash 
communicates to this flame a reddish-violet color, and the 
presence of soda that of a yellowish-red or orange. If the 
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soda, howeyer, is in too great proportion, then its intense 
yellow hides the red of the lithia. In the latter case the sab- 
stance uuder test must be only imperfectly fused in the oxida- 
tion flame, and then dipped in wax or tallow. By exposing it 
now to the reduction flame, the red color imparted to the 
external flame by the lithia becomes visible, even if a consider- 
able quantity of soda be present. A particular phenomenon 
appears with the phosphate of lithia, viz., the phosphoric acid 
itself possesses the property of communicating to the flame a 
bluish-green color. By its combination with lithia it still 
exhibits its characteristic color, while the latter presents like- 
wise its peculiar tint. Then we perceive a green flame in the 
centre of the flame, while the red color of lithia surrounds it. 

The silicates J which contain only a litth) lithia, produce only 
a shght hue in the flame, and often none at all. We have to 
mix one part of the silicate with two parts of a mixture com- 
posed of one part of fluorspar and one and a half parts of bi- 
sulphate of potassa. Moisten the mass with water so that the 
mass will adhere, and then melt it upon a platinum wire in the 
reduction flame, when that of oxidation will present the red 
color of lithia. 

The Borates of lithia produce at first a green color, but 
it soon yields to the red of lithia When alcohol is poured 
over lithia or its compounds, and inflamed, it burns with a deep 
red color, particularly if the fluid is stirred up with a glass rod, 
or when the alcohol is nearly consumed. This color presents 
the same modifications as the corresponding ones communicated 
to the blowpipe as mentioned above. 

The salts of lithia are absorbed by charcoal when fnsed upon 
it. The sulphide, bromide, iodide, and chloride of lithia pro- 
duce upon the charcoal a greyish-white sublimate, although 
not so copiously as the corresponding compounds of potash and 
soda. This sublimate disappears when touched by the reduc- 
tion flame, while the oxidation flame gives the characteristic 
color of lithia. 
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BBGOND GROUP. — THE ALKALINE EARTHS, BARYTA, STRONTIA, LDfE, 

AND MAGNESIA. 

In the pure state, the alkaline earths are canstic, caase red 
litmus paper to become blue, and are more or less soluble in 
water. Their sulphides are also soluble. The carbonates and 
phosphates of the alkaline earths are insoluble in water. By 
igniting the carbonates, their carbonic acid is expelled, and the 
alkaline earths are left in the caustic state. The alkaline earths 
are Dot Yolatile, and their organic salts are converted, bj igni- 
tion, into carbonates. 

(a.) Baryta. (BaO). — ^This alkaline earth does not occur 
free in nature, but combined with acids, particularly with car- 
bonic and sulphuric acids. In the pure state, baryta is of 
a greyish-white color, presents an earthy appearance, and is 
easily powdered. When sparingly moistened with water, it 
slakes, becomes heated, and forms a dry, white powder. With 
still more water .it forms a crystalline mass, the hydrate of 
baryta, which is completely soluble in hot water. Pure 
baryta is infusible ; the hydrate fuses at a red heat, without 
the loss of its hydratic water; if caustic baryta is exposed for 
too great a length of time to the flame, it absorbs water, origi- 
nated by .the combustion, and becomes a hydrate, when it will 
melt. Salts of baryta, formed with most acids, are insoluble 
in water ; for instance, the salts with sulphuric, carbonic, 
arsenic, phosphoric, and boracic acids. The salts of baryta, 
soluble in water, are decomposed by ignition, except the chlor- 
ide. 

Carbonate of baryta loses its carbonic acid at a red heat, 
becomes caustic, and colors red litmus paper blue. 

By exposing baryta or its compounds upon a platinum wire, 
or a splinter of the substance held with the platinum tongs, to 
the point of the blue flame, a pale apple-green color is commu- 
nicated to the external flame. This color appears at first rery 
pale, but soon becomes more intense. This color is most yisible 
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if the substance is operated with in small qnantities. The 
chloride of barium produces the deepest color. This color is 
less intense if the carbonate or sulphate is used. The presence 
of strontia, lime, or magnesia, does not suppress the reaction of 
the baryta, unless they greatly predominate. 

When alcohol is poured over baryta or its salts, and inflamed^ 
a feeble green color is communicated to the flame, but this, 
color should not be considered a characteristic of the salt. 

Baryta and its compounds give, when fused with carbonate 
of soda upon platinum foil, a clear bead. Fused with soda 
upon charcoal, it is absorbed. The sulphate fuses at first to a 
clear bead, which soon spreads, and is absorbed and converted 
while boiling into a hepatic mass. If this mass is taken out, 
placed upon a piece of polished silver and moistened with a 
little water, a black spot of sulphide of silver is left after wash- 
ing off the mass with water. 

Borax dissolves baryta and its compounds with a hissing 
noise, as well in the flame of oxidation as in that of reduction. 
There is formed a clear bead which, with a certain degree of 
saturation, is clear when cold, but appears milk-white when 
overcharged, and of ait opal, enamel appearance, when heated 
intermittingly, or with a vacillating flame, that changes fre- 
quently from the oxidating to the reducing flame. Baryta and 
its compounds produce the same reactions with microcosmic salt 

Baryta and its compounds fuse when exposed to ignition in 
the oxidizing flame. Moistened with the solution of nitrate of 
cobalt, and heated in the oxidation flame, it presents a bead, 
colored from brick-red to brown, according to the quantity 
used. This color disappears when cold, and the bead falls to a 
pale grey powder after being exposed awhile to the air. When 
heated again, the color does not appear until fusion is effected. 
If carbonate of soda is fused upon platinum wire with so much 
of the sesquioxide of manganese that a green bead is produced, 
this bead, when fused with a sufficient quantity of baryta, or 
its compounds, after cooling, will appear of a bluish-green, op 
light blue color. 
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(b.) Strontia (SrO). — Strontia and its Gomponnds are ana- 
logous to the respective ones of baryta. The hydrate of 
strontia has the same properties as the hydrate of baryta, 
except that it is less soluble in water. The carbonate of 
strontia fuses a little at a red heat, swells, and babbles np like 
cauliflower. This produces, in the blowpipe flame, an intense 
and splendid light, and now produces an alkaline reaction upon 
red litmus paper. The sulphate of strontia melts in the oxida- 
dation flame upon platinum foil, or upon charcoal, to a milk- 
white globule. This fuses upon charcoal, spreads and is 
reduced to the sulphide, which is absorbed by the charcoal. 
It now produces the same reactions upon polished silver as the 
sulphate of baryta under the same conditions. By exposing 
strontia and its compounds upon platinum wire, or as a splinter 
with the platinum tongs, to the point of the blue flame, the 
external flame appears of an intense crimson color. The deep- 
est red color is produced by the chloride of strontium, particu- 
larly at the first moment of applying the heat. After the salt 
is fused, the red color ceases to be visible in the flame, by 
which it is distinguished from the chloride of lithium. The car- 
bonate of strontia swells up and produces a splendid white 
light, whUe the external flame is colored of a fine purple-red. 
The color produced by the sulphate of strontia is less intense. 
The presence of baryta destroys the reaction of the strontia, 
the flame presenting the light green color of the baryta. 

If alcohol is poured over powdered strontia and inflamed, 
the flame appears purple or deep crimson, particularly if the 
fluid is stirred with a glass rod, and when the alcol^ol is nearly 
consumed. 

, The insoluble salts of strontia do not produce a very intense 
color. Baryta does not prevent the reaction of the soluble 
salts of strontia, unless it exists greatly in excess. In the 
presence of baryta, strontia can be detected by the following 
process : mix some of the substance under examination with 
some pure graphite and water, by grinding in an agate mortar. 
Place the mixture upon charcoal, and expose it for a while to 
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the redaction flame. The substance becomes redaced to sul- 
phide of bariam and sulphide of strontiam, when it should be 
dissolved in hydrochloric acid. The solution should be evapo- 
rated to dryness, redissolved in a little water, and enough alco- 
hol added that a spirit of 80 per cent, is produced. Inflame 
the spirit, and if strontia is present, the flame is tinged of a 
red color. This color can be discerned more distinctly by 
moistening some cotton with this spirit and inflaming it. 

If strontia or its compounds are fused with a green bead of 
carbonate of soda and sesquioxide of manganese, as described 
under the head of baryta, a bead of a brown, brownish-green, 
or dark grey color is produced. Carbonate of soda does not 
dissolve pure strontia. The carbonate and sulphate of strontia 
melt with soda upon platinum foil to a bead, which is milk- 
white when cold, but fused upon charcoal they are absorbed. 
Strontia or its compounds produce with borax, or microcosmic 
salt, the same reactions as baryta. When they are moistened 
with nitrate of cobalt, and ignited in the oxidizing flame^ a 
black, or grey infusible mass is produced. 

(c.) LiTMj Oxide of Caldvm (CaO). — Lime does not occur 
free in nature, but in combination with acids, chiefly the car- 
bonic and sulphuric. The phosphate occurs principally in 
bones. The hydrate and the salts of lime are in their pro- 
perties similar to those of the two preceding alkaline earths. 
In the pure state, the oxide of calcium is white; it slakes* 
produces a high temperature, and falls into a white powder 
when sprinkled with a little water. It is now a hydrate, 
and has greatly increased in Tolume. The hydrate of lime 
is far less soluble in water than either those of baryta or 
strontia, and is less soluble in hot' water than in cold. Lime, 
its hydrate and sulphide of calcium, have a strong alkaline 
reaction upon red litmus paper. Lime and its hydrate are 
infusible, but produce at a strong red heat a very intense and 
splendid white light, while the hydrate loses its water. The 
carbonate of lime is also infusible, but at a red heat the 
carbonic acid is expelled, and the residue becomes caustici 
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appears whiter, and produces an intenser light. The sulphate 
of lime melts with difficulty, and presents the appearance pf an 
enamelled mass when cold. By heating it upon charcoal it 
fases in the reducing flame, and is reduced to a sulphide. This 
has a strong hepatic odor, and exerts an alkaline reaction upon 
red litmus paper. By exposing lime, or its compounds, upon 
platinum wire — or as a small splinter of the mineral in the 
platinum tongs — to the point of the blue flame, a purple color, 
similar to that of lithia and strontia, is communicated to the 
external flame, but this color is not so intense as that produced 
by strontia, and appears mixed with a slight tinge of yel- 
low. This color is most intense with the chloride of calcium, 
while the carbonate of lime produces at first a yellowish color, 
which becomes red, after the expulsion of the carbonic acid. 
Sulphate of lime produces the same color, but not so intense. 
Among the silicates of lime only the tablespar (30aO, 
2SiO') produces a red color. Fluorspar (CaFl) produces a 
red as intense as pure lime, and fuses into a bead. Phosphate 
and borate of lime produce a green flame which is only charac- 
teristic of their acids. The presence of baryta communicates 
a green color to the flame. The presence of soda produces 
only a yellow color in the external flame. 

If alcohol is poured over lime or its compounds and iuflamed, 
a red color is communicated to the flame. The presence of 
baryta or soda prevents this reaction. Lime and its compounds 
do not dissolve much by fusion with carbonate of soda. If this 
fusion is effected on charcoal, the carbonate of soda is absorbed, 
and the lime remains as a half-globular infusible mass on the char- 
coal. This is what distinguishes lime from baryta and strontia, 
and is a good method of separating the former from the latter. 
Lime and its compounds fuse with borax in the oxidizing and 
reducing flames to a clear bead, which remains clear when 
cold, but when overcharged with an excess or heated intermit, 
tingly, the bead appears, when cold, crystalline and uneven, and 
is not so milk-white as the bead of barjta or strontia, produced 
under the same circun^tances. The carbonate of lime is dis- 
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solved with a pecnliar hissing noise. Microcosnuc salt ^ssoIycs 
a large quantity of lime into a clear bead, which is milky 
when cold. When the bead has been overcharged with lime, 
by a less excess, or by an intermittent flame, we will perceive in 
the bead, when cold, fine crystals in the form of needles. Lime 
and its compounds form by ignition with nitrate of cobalt, a 
black or greyish-black infusible mass. 

(d.) Magnesia (MgO). — Magnesia occurs in nature in seve-' 
ral minerals. It exists in considerable quantity combined with 
carbonic, sulphuric, phosphoric, and silicic acids, etc. Magnesia 
and its hydrate are white and very voluminous, scarcely soluble 
in hot or cold water, and restores moistened red litmus paper 
to its original blue color. Magnesia and its hydrate are 
infusible, the latter losing its water by ignition. The carbonate 
of magnesia is infusible, loses its carbonic acid at a red heat, 
and shrinks a little. It now exerts upon red litmus paper an 
alkaline reaction. The sulphate of magnesia, at a red heat, 
loses its water and sulphuric acid, is entirely infusible, and 
gives now an alkaline reaction. The artificial Astrachanit 
(NaO, SO' + MgO, S0'' + 4H0) fuses easily. When fused on 
charcoal, the greater part of the sulphate of soda is absorbed, 
and there remains an infusible mass. 

Magne^a and its compounds do not produce any color in the 
external flame, when heated in the point of the blue flame. 
The most of the magnesia minerals yield some water when 
heated in a glass tube closed at one end. 

Magnesia, in the pure state,, or as the hydrate, does not fuse 
with soda. Some of its compounds are infusible likewise with 
soda, and swell up slightly, while others of them melt with 
soda to a slightly opaque mass. Some few (such as the borate 
of magnesia) give a clear bead with soda, though it becomes 
slightly turbid by cooling when saturated with magnesia, and 
crystallizes in large facets. 

Magnesia and its compounds give beads with borax and 
microcosmic salt similar to those of lime. By igniting mag- 
nesia or its compounds very strongly in the oxidizing flame, 
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moistening with nitrate of cobalt, and re-igniting in the 
oxidation flame, they present, after a continned blowing, a pale 
flesh-color, which is more visible when cold. It is indispensa- 
ble that the magnesia compounds should be completely white and 
free of colored substances, or the color referred to cannot be 
discerned. In general the reactions of magnesia before the 
blowpipe are not sufficient, and it will be necessary to confirm 
its presence or absence by aid of reagents applied in the wet 
way. 



THIBD GROUP. — THE EARTHS, ALUMIKA, GLUCINA, TTTRIA, THORINA, 

AND ZIRCONIA. 

The substances of this group are distinguished from the pre- 
ceding by their insolubility in water, in their pure or hydrated 
state — that they have no alkaline reaction upon litmus paper, 
nor form salts with carbonic acid. The earths are not volatile, 
and, in the pure state, are infusible. They cannot be reduced 
to the metallic state before the blowpipe. The organic salts 
are destroyed by ignition, while the earths are left in the pure 
state, mixed with charcoal, from the organic acids. The most 
of their neutral salts are insoluble in water; the soluble neutral 
salts change blue litmus paper to red, and lose their acids when 
ignited. 

(a.) Alvmina (APO'). — This earth is one of our most com- 
mon minerals. It occurs free in nature in many minerals, as 
sapphire, etc.; or in combination with sulphuric acid, phos- 
phoric acid, and fluorine, and chiefly silicates. Pure alum- 
ina is a white crystalUne powder, or yellowish-white, and 
amorphous when produced by drying the hydrate, separated 
chemically from its salts. Alumina is quite unalterable in the 
fire; the hydrate, however, losing its water at a low red heat. 
The neutral salts of alumina, with most acids, are insoluble in 
water. Those soluble in it have an acid reaction upon litmus 
paper, changing the blue into red. 

6 
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blue color. The blue color produced by alumina is only dis- 
tinctly visible by daylight; by candle-light it appears of a dirty 
violet color. 

{b.) Glucina, (G'O*). — Glucina only occurs in a few rare 
minerals, in combination with silica and alumina. It is white 
and insoluble in the pure state, and its properties generally are 
similar to those of alumina. The most of its compounds are 
infusible, and yield water by distillation. Carbonate of soda 
does not dissolve glucina by ignition. Silicate of glucina melts 
with carbonate of soda to a colorless globule. Borax and 
microcosmic salt dissolve glucina and its compounds to a color- 
less bead which, when overcharged with glucina, or heated with 
the intermittent flame appears, after cooling, turbid or milk- 
white. Glucina yields, by ignition with nitrate of cobalt, a 
black, or dark grey infusible mass. 

(c.) Yttria (YO) occurs only in a few rare minerals, and 
usually in company with terbium and erbium. Its reactions 
before the blowpipe are similar to the preceding, but for its 
detection in compounds it will be necessary to resort to analy- 
sis in the wet way. 

{d.) Zirconia (Zr'O*). — ^This substance resembles alumina 
in appearance, though it occurs only in a few rare minerals. 
It is in the pure state infusible, and at a red heat produces such 
a splendid and vivid white light that the eyes can scarcely 
endure it. Its other reactions before the blowpipe are analo- 
gous to glucina. Microcosmic salt does not dissolve so much 
zirconia as glucina, and is more prone to give a turbid bead. 
Zirconia yields with nitrate of cobalt, when ignited, an infusible 
black mass. To recognize zirconia in compounds we must resort 
to fluid analysis. 

(«.) Thorina (ThO). — This is the rarest among the rare 
minerals. In the pure state it is white and infusible, and will 
not melt with the carbonate of soda. Borax dissolves thorina 
slowly to a colorless, transparent bead, which will remain so 
when heated with the intermittent flame. If overcharged with 
the thorina, the bead presents, on cooling, a milky hue. Micro- 
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cosmic salt dissolves the thorina very tardily. By iguition 
with nitrate of cobalt, thorina is converted into an infosible 
black mass. 



CLASS n. 

FOURTH GROUP. CERIUM, LANTHANIUM, DIDTMIUM, COLUMBIUM, NIO- 
BIUM, PELOPIUM, TITANIUM, URANIUM, VANADIUM, CHROMIUM, 
MANGANESE. 

The substances of this group cannot be reduced to the 
metallic state, neither by heating them ;per se, nor by fusing 
them with reagents. They give by fusion with borax or micro- 
cosmic salt, colored beads, while the preceding groups give 
colorless beads. 

(a.) Cerium (Ce). — This metal occurs in the oxidated state 
in a few rare minerals, and is associated with lanthanium and 
didymium, combined with fluorine, phosphoric acid, carbonic 
acid, silica, etc. When reduced artificially, it forms a grey 
metallic powder. 

(a.) Protoxide of Cerium (CeO). — It exists in the pure state 
as the hydrate, and is of a white color. It soon oxidizes and 
becomes yellow, when placed in contact with the air. When 
heated in the oxidation flame, it is converted into the s«squi- 
oxide, and then is changed into light brick-red color. In the 
oxidation flame it is dissolved by borax into a clear bead, which 
appears of an orange or red while hot, but becomes yellow 
upon cooling. When highly saturated with the metal, or when 
heated with a fluctuating flame, the bead appears enamelled as 
when cold. In the reduction flame it is dissolved by borax to 
a clear yellow bead, which is colorless when cold. If too much 
of the metal exists in the bead, it then appears enamelled when 
cooled. 

Microcosmic salt dissolves it, in the oxidation flame, to a 
clear bead, which is colored dark yellow or orange, but loses 
its color when cold. In the reduction flame the bead is color- 
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less when either hot or cold. Even if highly satnrated with 
the metal, the bead remains colorless when cold. By fusing it 
with carbonate of soda upon charcoal in the reduction flame, 
the soda is- absorbed by the charcoal, while the protoxide of 
the metal remains as a light grey powder. 

(B.) Sesquumde of Ceriwm (Oe'O*). — ^This oxide, in the 
pure state, is a red powder. When heated with hydrochloric 
acid, it produces chlorine gas, and is dissolved to a salt of the 
protoxide. It is not affected by either the flame of oxidation 
or of reduction; when fused with borax or microcosmic salt, it 
acts like the protoxide. It does not fuse with soda upon char- 
coal. In the reduction flame it is reduced to the protoxide, 
which remains of a light grey color, while the soda is absorbed 
by the charcoal. 

{h.) LarUhanium (La.) — ^This metal is invariably associated 
with cerium. It presents, in its metallic state, a dark grey 
powder, which by compression acquires the metallic lustre. 

The oxide of la/nthanium (LaO) is white, and its salts are 
colorless. Heated upon charcoal, it does not change either in 
the oxidation flame or that of reduction. With borax, in the 
flame of oxidation or reduction, it gives a clear colorless bead. 
This bead, if saturated, and when hot, presents a yellow appear- 
ance, but is clouded or enamelled when cold. With microcos- 
mic salt the same appearance is indicated. It .does not fuse 
with carbonate of soda, but the soda is absorbed by the char- 
coal, while the oxide remains of a grey color. 

(c.) Didymium (D). — This metal occurs only in combination 
with the preceding ones, and it is therefore, like them, a rare 
one. 

Oxide of Didymivm (DO). — ^This oxide is of a brown color, 
while its salts present a reddish-violet or amethyst color. The 
oxide is infusible in the oxidation flame, and in that of reduc- 
tion it loses its brown color and changes to grey. With borax 
in the oxidation flame, it fuses to a clear dark red or violet 
bead, which retains its clearness when highly saturated with 
the oxide, or if heated with a fluctuating flame. 
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The reactions with microcosmic salt are the same as witJa 
borax. 

It does not melt with carbonate of soda upon charcoal, but 
the ozide remains with a grej color, while the soda is absorbed 
by the charcoal. 

(d.) ColvMbivMf {Ta7Ualum-r-T&), — ^This rare metal occurs 
quite sparingly in the minerals tantalitej yttrotantalite, etc., as 
columbic acid. In the metallic state, it presents the appear- 
ance of a black powder, which, when compressed, exhibits the 
metallic lustre. When heated in the air it is oxidized into 
columbic acid, and is only soluble in hydrofluoric acid, yielding 
hydrogen. It is oxidized by fusion with carbonate of soda or 
potash. 

Colvmhic Add (Ta'O*) is a white powder, and is infusi- 
ble. When heated in the flame of oxidation or reduction, it 
appears of a light yellow while hot, but becomes colorless when 
cold. With borax, in the flames of oxidation and reduction, it 
fuses to a clear bead, which appears by a certain degree of 
saturation, of a yellow color so long as it continues hot, but 
becomes colorless when cold. If overcharged, or heated with 
an intermittent flame, it presents an enamel white when cool. 

It melts with microcosmic salt quite readily in both of the 
flames, to a clear bead, which appears, if a considerable quan- 
tity of columbic acid be present, of a yellow color while hot, 
but colorless when cold, and does not become clouded if the 
intermittent flame be applied to it. 

With carbonate of soda it fuses with effervescence to a bead 
which spreads over the charcoal. Melted with more soda, it 
becomes absorbed by the charcoal. 

It yields, moistened with a solution of nitrate of cobalt, and 
exposed to the oxidation flame after continued blowing, an infu- 
sible mass, presenting while hot a light grey color, but after 
being cooled that of a light red, similar to the color presented 
by magnesia under the same circumstances. But if there be 
some alkali mixed with it, a fusion at the edges will be mani- 
fest, and it will yield by cooling a bluish-black mass. 



X 
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(c.) Nidhivm (Ni). — ^This metal occurs as niobic acid b 
nolumbite (tantalite). Niobic acid is in its properties similar to 
columbic acid. It is white and infasible. By heating it either 
iu the flames of redaction or oxidation, it presents as long as it 
continues hot, a greenish-jellow color, but becomes white when 
cool. Borax dissolves it in the oxidation flame quite readily to 
a clear bead, which, with a considerable quantity of niobic acid, 
is yellow when hot, but transparent and colorless when cold. 
A saturated bead is clear when either hot or cold, but becomes 
opaque when heated intermittingly. 

In the flame of reduction, borax is capable of dissolving more 
of the niobic acid, so that a bead overcharged and opaque in 
the oxidation flame appears quite clear when heated in the 
flame of reduction. A bead overcharged in the flame of reduc- 
tion, appears by cooling dim and bluish-grey. 

Microcosmic salt dissolves in the flame of oxidation a great 
quantity of it to a clear bead, which is yellow while hot, but 
colorless when cold. 

In the flame of reduction, and in presence of a considerable 
quantity of niobic acid, the bead appears while hot of a light 
dirty blue color, and when cold, of a violet hue ; but by the 
addition of more niobic acid, the bead, when hot, is of a dirty 
dark blue color, and when cold, of a transparent blue. In the 
presence of the oxides of iron, the bead is, while hot, of a 
brownish-red color, but changing when cool to a dark yellow. 

This acid fuses with an equal quantity of carbonate of soda 
npon charcoal, to a bead which spreads very quickly, and is 
then infusible. When fused with still more soda, it is absorbed. 

When moistened with nitrate of cobalt, and heated in the 
flame of oxidation, it yields an infusible mass which appears 
grey when hot, and dirty green whe*n cold ; but if the heat has 
been too strong, it is fused a little at the edges, which present 
a dark bluish-grey color. 

JPelopium (Pe). — This metal occurs as an acid in the mineral 
columbite (tantalite), and is very similar to the two preceding 
metals. 
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(/.) Pdopic Add (PeO*). — This acid is white, and appears 
yellow when heated, but resumes its white color when cold. 
Borax dissolves it in the oxidation flame to a clear colorless 
bead, which appears, when oTcrcharged and heated intermit- 
tingly, emanel-white when cold. This is likewise the case in 
the flame of reduction, but when overcharged the color is light 
grey, when the bead is cooled. 

Microcosmic salt dissolves it in the flame of oxidation, to a 
clear yellow bead, which loses its color when cold. In the 
reduction flame, when the bead is highly saturated, a violet- 
brown color is produced. In presence of the oxides of iron, the 
reactions are like those of niobic acid. With carbonate of 
soda, the reactions are similar to those of niobic acid. By 
heating with nitrate of cobalt, it yields a light grey infusible 
mass. 

{£.) TUanivm (Ti). — ^This metal occurs occasionally in the 
slags of iron works, in the metallic state, as small cubical crys- 
tals of a red color. It is a very hard metal, and very infusible. 
Titanic acid occurs in nature crystallized in anatase, arkansite^ 
hrookite, and rutile. Titanium is harder than agate, entirely 
infusible, and loses only a little of its lustre, which can be 
regained by fusion with borax. It does not melt with carbon- 
ate of soda, borax, or microcosmic salt, and is insoluble in every 
acid except the hydrofluoric. By ignition with saltpetre it is 
converted into titanic acid, which combines with the potassium, 
forming the titanate of potassium. 

Titanic Add (TiO*) is white, insoluble, and, when heated, 
it appears yellow while hot, but resumes upon cooling its white 
color. 

Borax dissolves it in the oxidation flame to a clear yellow 
bead, which when cool is colorless. When overcharged, or 
heated with the intermitting flame, it is enamel-white after 
being cooled. In the reduction flame, the bead appears 
yellow, if the acid exists in small quantity, but if more be 
added, then it is of an orange, or dark yellow, or even brown. 
The saturated bead, when heated intermittingly, appears when 
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cold of an enamelled blue. By addition of the acid, and by 
heating the bead on charcoal in the redaction flame, it becomes 
dark yellow while hot, but dark blue, or black and opaque 
when cold. This bead appears, when heated intermittingly 
of a light blue, and when cold, enamelled. 

Microcosmic salt fuses with it in the oxidation flame to a 
clear colorless bead, which appears yellow only in the presence 
of a quantity of titanic acid, though by cooliug it loses its 
color. In the reduction flame this bead exhibits a yellow color 
when hot, but is red while cooling, and when cold of a beauti- 
ful bluish-violet. If the bead is oyercharged, the color becomes 
so dark that the bead appears opaque, though not presenting 
an enamel appearance. By heating the bead again in the oxi- 
dation flame the color disappears. The addition of some tin 
promotes the reduction. K the titanic acid contains oxide 
of iron, or if some is added, the bead appears, when cold, 
brownish-yellow, or brownish-red. 

By fusion with carbonate of soda, titanic acid is dissolred 
with eflferrescence to a clear dark yellow bead, which crystal- 
lizes by cooling, whereby so much heat is eliminated, that the 
bead, at the instant of its crystallization, glows with great 
brightness. A reduction to a metal cannot, however, be 
effected. By ignition with a solution of nitrate of cobalt 
in the oxidation flame, it yields an infusible yellowish-green mass. 

(A.) Uraiuum (U). — This rare metal occurs in the form of 
protoxide along with other oxides, in the mineral pitdi-blende ; 
as peroxide in uranUe and v/ranrMicaf associated with phos- 
phoric acid and lime. 

In the metallic state it presents the appearance of a dark 
grey mass, which is infusible, and remains unchanged when 
under water, or when exposed to dry air, but, when heated in 
the oxidation flame, it becomes oxidized, with lively sparkling, 
to a dark green mass, composed of the protoxide and peroxide. 

The protoxide of v/ramwm (UO) is black, uncrystalline, or 
forms a brown powder. When exposed to heat it is converted 
partially into peroxide, when it has a dark green color. 

6* 
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The peroxide of uranium (U'O*) is of an orange color, 
while its hydrate is of a fine yellow color, and in the form of a 
powder. The salts are yellow. 

By heating it in the oxidation flame, it acquires a dark green 
color, and is partly reduced to protoxide. In the reduction 
flame it presents a black appearance, and is there completely 
reduced to protoxide. 

Borax dissolves it in the oxidation flame to a clear dark vel- 
low bead, which is colorless when cold, if the metal is not pre- 
sent in great quantity. If more of the metal, or peroxide, be 
added, the bead changes to orange when hot, and light yel- 
low when cold. When heated with the intermittent flame, 
it requires a large quantity of the peroxide to produce an 
enamel appearance in the cooled bead* 

In the flame of reduction the bead becomes of a dirty green 
color, being partly reduced to protoxide, and appears, with a 
certain degree of saturation, black, when heated intermittingly, 
but never enamelled. The bead appears on charcoal, and with 
the addition of tin, of a dark green color. 

It fuses with microcosmic salt in the oxidation flame to a 
clear yellow bead, which is greenish-yellow when cold. In the 
reduction flame it produces a beautiful green bead, which 
increases when cold. 

When fused upon charcoal with the addition of tin, its color 
is darker. Carbonate of soda does not dissolve it, although 
with a very small portion of soda it gives indications of fusion, 
but with still more of the soda it forms a yeUow, or light-brown 
mass, which is absorbed by the charcoal, but it is not reduced 
to the metallic state. 

{i.) Vanadium (V). — ^This very rare mineral is found in 
small quantity in iron-ores, in Sweden, and as vanadic acid in 
a few rare minerals. The metal presents the appearance of an 
iron-grey powder, and sometimes that of a silver-white mass. 
It is not oxidized either by air ot water, and is infusible. 

Vanadic Add (VO*) fuses upon platinum foil to a deep 
orange liquid, which becomes crystalline after cooling. When 
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fused upon charcoal, one part of it is absorbed, while the rest 
remains upon the charcoal and is reduced to protoxide similar 
in appearance to graphite. 

A small portion of it fuses with borax in the oxidation flame 
to a clear colorless bead, which appears, with the addition of 
more vanadic acid, of a yellow color, but changes to green 
when cold. 

In the reduction flame the bead is brown while hot, but 
changes, upon cooling, to a beautiful sapphire-green. At 
the moment of crystallization, and at a degree of heat by 
which at daylight no glowing of the heated mass is visible 
it begins to glow again. The glow spreads from the periphery 
to the centre of the mass, and is caused by the heat liberated 
by the sudden crystallization of the mass. It now exhibits an 
orange color, and is composed of needle crystals in a compact 
mass. 

Microcosmic salt and vanadic acid fuse in the oxidation 
flame to a dark yellow bead which, upon cooling, loses much 
of its color. 

In the reduction flame the bead is' brown while hot, but, 
upon cooling:, acquires a beautiful green color. 

Yanadic acid fuses with carbonate of soda upon charcoal, 
and is absorbed. 

(k.) Chromium (Cr) occurs in the metallic state only in 
a very small quantity in meteoric iron, but is frequently found 
in union with oxygen, as oxide in chrome iron ore, and as 
chromic acid in some lead ores. 

In the metallic state it is of a light grey color, with but 
little metallic lustre, very hard, and not very fusible. Acids 
do not act upon it, except the hydrofluoric; fused with nitre, 
it forms chromate of potassa. It is unaltered in the blowpipe 
flame. 

Sesquioxide of Chromium (Cr'O*). — ^This oxide forms black 
crystals of great hardness, and is sometimes seen as a green 
powder. Its hydrate (Cr'0" + 6H0) is of a bluish-grey 
color. It forms with adds two classes of isomeric salts, some 
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of which are of a green color, and the others violet-red or ame- 
thyst. The neutral and soluble salts have an acid reaction 
upon blue litmus paper, and are decomposed by ignition. 

Sesquioxide of chromium in the oxidation and reduction 
flames is unchangable. When exposed to heat, the hydrate 
loses its water, and gives a peculiarly beautiful flame. In the 
oxidation flame borax dissolves the sesquioxide of chromium 
slowly to a yellow bead (chromic acid) which is yellowish green 
when cold. Upon the addition of more of the oxide, the bead is 
dark red while hot, but changes to green as it becoms cold. 

In the reduction flame the bead is of a beautiful green color, 
both while hot and when cold. It is here distinguished from 
vanadic acid, which gives a brownish or yellow bead while hot. 

With microcosmic salt it fuses in the oxidation flame to a 
clear yellow bead, which appears, as it cools, of a dirty-green 
color, but upon being cool is of a fine green color. If there be 
a superabundance of the oxide, so that the microcosmic salt 
cannot dissolve it, the bead swells up, and is converted into a 
foamy mass, in consequence of the development of gases. 

In the reduction flame it fuses to a fine green bead. The 
addition of a little tin renders the green still deeper. 

Sesquioxide of chromium fuses with carbonate of soda upon 
platinum foil to a brown or yellow bead, which, upon cooling, 
appears of a lighter color and transparent (chromate of 
sodium). 

When fused with soda upon charcoal, the soda is absorbed, 
and the green oxide is left upon it, but is never reduced to the 
metallic state. 

Chromic Add (CrO') crystallizes in the form of deep ruby, 
red needles. It is decomposed into sesquioxide and oxygen 
when heated. This decomposition is attended with a very 
lively emission of light, but this is not the case if the chromic 
acid has been attained by the cooperation of an aqueous solu- 
tion, unless the reduction is effected in the vapor of ammonia. 
Before the blowpipe chromic acid produces the same reactions 
as the sesquioxide. 
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(/.) Mangamese (Mn). — ^This metal occurs in considerable 
abundance, principally as oxides, less frequently as salts, and 
sometimes in combination with sulphur and arsenic. It is found 
in plants, and passes with them into the animal body. In the 
metallic state, it is found frequently in cast iron and steel. It 
is a hard, brittle metal, fusible with difficulty, and of a light 
grey color. It tarnishes upon exposure to the air and under 
water, and falls into a powder. 

Protoxide of Manganese exists as a green powder ; as hydrate 
separated by caustic alkalies, it is white, but oxidizes very 
speedily upon exposure to the air. The protoxide is the base 
of the salts of manganese. These salts^ which are soluble in 
water, are decomposed when heated in the presence of the air — 
except the sulphate (MnO, SO'), but if the latter is ex- 
posed to ignition for awhile, it then ceases . to be soluble in 
water, or at least only sparingly so. 

Sesquioxide of Ma?nganese (Mn'O*) Occurs very spar- 
ingly in nature as small black crystals {Bravmite) which give, 
when ground, a brown powder. When prepared by chemical 
process, it is in the form of a black powder. The hydrate 
occurs sometimes in nature as black crystals (manganite). By 
digestion with acids, it is dissolved into salts of the protoxide. 
With hydrochloric acid, it yields chlorine. 

The prot'sesquioxide of mangamese (MnO + Mn"0*) occurs 
sometimes in black crystals {hausmannite). Prepared artifi- 
cially, it is in the form of a brown powder. 

Peroxide of Manganese (MnO*) occurs in considerable 
abundance as a soft black amorphous mass, or crystallized as 
pyrolusite, also reniform and fibrous. It is deprived of a part 
of its oxygen when exposed to ignition. It eliminates a consi- 
derable quantity of chlorine from hydrochloric acid, and is 
thereby converted into chloride of manganese (ClMn). 

Most of the manganese compounds which occur in nature 
yield water when heated in a glass tube closed at one 
end. The sesquioxide and peroxide give out oxygen when 
strongly heated, which can be readily detected by the 
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increased glow which it causes, if a piece of lighted wood or 
paper is brought to the mouth of the tube. The residue left in 
the tube is a brown mass (MaO + Mn^O*). 

When exposed to ignition with free access of air, all man- 
ganese oxides are converted into (MnO + Mn*0'), but with- 
out fusion. Such, ^t least, is the statement of some of the 
German chemists, although it will admit perhaps of further 
investigation. 

Manganese oxides fuse with borax in the oxidation flame to 
a clear and intensely colored bead, of a violet hue while hot, 
but changing to red as it cools. If a considerable quantity of 
the oxide is added, the bead acquires a color so dark as to 
become opaque. If such be the case, we have to press it flat, 
by which its proper color will become manifest. 

In the reduction flame the bead is colorless. A very dark 
colored bead must be fused upon charcoal with the addition of 
some tin. The bead must be cooled very suddenly, for if it 
cools too slowly, it then has time to oxidize again. This may 
be effected by pushing it off the platinum wire, or the charcoa!, 
and pressing it flat with the forceps. 

The oxides of manganese fuse with microcosmic salt in the 
oxidation flame, to a clear brownish-violet bead, which appears 
reddish-violet while cooling. This bead does not become 
opaque when overcharged with manganese. As long as it 
is kept in fusion a continued boiling or effervescence takes 
place, produced by the expulsion of oxygen, in consequence of 
the fact that the microcosmic salt cannot dissolve much sesqui- 
oxide, while the rest is reduced to protoxide, is re-oxidated, and 
instantly again reduced. If the manganese is present in such a 
minute quantity as not to perceptibly tinge the bead, the color 
may be made to appear by the contact of a crystal of nitre 
while hot. The bead foams up upon the addition of the nitre, 
and the foam appears, after cooling, 'of a rose-red or violet 
color. In the reduction flame the bead sometimes becomes 
colorless. 

The oxides of manganese fuse with carbonate of soda upon 



Speojal Beaotiokb. 135 

platinum foil or wiro, to a clear green bead, which appears 
bluish-green and partially opaque when cold (manganate of 
soda NaO-f-MnO*). A very minute trace of manganese 
will produce this green color. The oxides of manganese can- 
not be reduced upon charcoal with carbonate of soda before 
the blowpipe. The soda is absorbed, and (MnO-^-Mn*0") 
is left. 

GROUP FIFTH. — IRON, COBALT, NICKEL. 

The oxides of this group are reduced to the metallic state 
when fused with carbonate of soda upon charcoal in the reduc- 
tion flame. Metals when thus reduced form powders, are not 
fusible or volatile in the blowpipe flame, but they are attracted 
by the magnet. 

Furthermore, these oxides are not dissolved by carbon- 
ate of soda in the oxidation flame, but they produce colored 
beads with borax and microcosmic salt. 

(a,) Iron. — It occurs in great abundance in nature. It is 
found in several places in America in the metallic state, and it 
likewise occurs in the same state in meteors. It occurs chiefly 
as the oxide (red hematite, brown hematite, magnetic oxide, 
etc.), and frequently in combination with sulphur. Iron also 
forms a constituent of the blood. 

Metallic iron is of a grey color, and presents the metallic 
lustre vividly when polished. It is very ductile, malleable, and 
tenacious. It is very hard at common temperatures, but soft 
and yielding at a red heat. 

In dry and cold air, iron does not oxidize, but when the air 
is dry and moist, it oxidizes rapidly. This likewise takes place 
with great rapidity when the metal is heated to redness. 
When submitted to a white heat iron burns with brilliant 
scintillations. 

Protoxide of Iron (FeO). — This oxide does not occur pure 
in nature, but in union with the peroxide of iron and other 
substances. It presents the form of a black powder, and has 
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some metallic lustre, is brittle, and fuses at a higli tempera- 
ture to a vitreous looking mass. It is attracted by the magnet, 
and of course is susceptible of becoming magnetic itself. It 
forms with water a hydrate, but this passes so rapidly into a 
state of higher oxidation, that it is difficult to keep it in the 
pure state. 

Magnetic Oxide of Iron (FeO + Fe'0»).— This peculiar 
oxide is of a dark color, and is magnetic, so that tacks or 
small nails adhere to it when brought in contact with it. It is 
the Tariety of the oxide termed " loadstone." It is found fre- 
quently crystallized in octahedrons in Scandinavia and other 
places. Magnetic oxide of iron is produced when red-hot iron 
is hammered. 

Sesquioxide of Iron (Fe'O'). — This oxide is found native in 
great abundance as red hematite and specular iron, crystallized 
in the rhombic form. In the crystalline state it is of a blackish- 
grey color, and possessed of the metallic lustre. When pow- 
dered, it forms a brownish-red mass. When artificially prepared, 
it presents the appearance of a blood-red powder. It is not 
magnetic, and has less affinity for acids than the protoxide. 
Its hydrate is found native as brown hematite. 

By exposing. the peroxide of iron to the oxidation flame, it is 
not acted upon, but in the reduction flame it becomes reduced 
to the magnetic oxide. 

The oxides of iron are dissolved by borax in the oxidation 
flame to a clear dark-yellow or dark-red bead, which appears 
lighter while cooling, and yellowish when cold. In the presence 
of a very small quantity of iron, the bead appears colorless 
when cold. If the iron is increased, the bead is opaque while 
cooling, and of a dirty dark-yellow color when cold. In the 
reduction flame, and fused upon platinum wire, the bead 
appears dark green (FeO + Fe''0*). By the addition of 
some tin, and fused upon charcoal, the bead appears bluish- 
green, or not unlike that of sulphate of iron. 

Microcosmic salt dissolves the oxides of iron in the oxidation 
flame to a clear bead, which, by the addition of a considerable 
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quantity of iron, becomes of an orange color while hot, bnt 
gets lighter while cooling, presenting finally a greenish hue, 
and gradually becoming lighter, till, when cold, it is colorless. 
If the iron is increased, the hot bead presents a dark red color, 
but while cooling a brownish-red, which changes to a dirty- 
green, and, when cold, to a brownisb-red color. The decrease 
of the color during the transition from the hot to the cold state 
is still greater in the bead formed by the microcosmic salt. 

In the reduction flame no change is visible if the quantity of 
iron be small. By the addition of more iron, the hot bead 
appears red, and while cooling, changes to yellow, then green, 
and, when cold, is of a dull red. By fusing the bead on char- 
coal ¥rith a small addition of tin, it exhibits, while cooling, a 
bluish-green color, but, when cold, is colorless. 

The oxided of iron are not dissolved in the oxidation flame 
by fusion with carbonate of soda. By ignition with soda upon 
charcoal in the reduction flame, they are absorbed and reduced 
to the metallic state, tint out this portion of the charcoal ; 
grind it with the addition of some water in an agate mortar, 
for the purpose of washing off the carbon particles, when the 
iron will remain as a grey magnetic powder. 

(ft.) Cobalt (Co) occurs in combination with arsenic and 
sulphur, and associated with nickel and iron. It is found occa- 
sionally in combination with selenium, and there are a traces of 
it'in meteoric iron. In the metallic state it is of a light, red- 
dish-grey color, rather brittle, and only* fusible at a strong 
white heat; at common temperatures it is unalterable by air or 
water. At a red heat, it oxidizes slowly and decomposes water; 
at a white heat it burns with a red flame. Cobalt is soluble 
in dilute sulphuric or hydrochloric acid by the aid of heat, 
whereby hydrogen is eliminated. These solutions have a fine 
red color. 

Protoxide of Cobalt (CoO). — It is an olive-green powder, 
but, by exposure to the air, it becomes gradually brown. Its 
hydrate is a rich red powder. The solution of its salts is red, 
but the aqueous solution is often blue. 
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When heated in the oxidatioii flame, the protoxide is con- 
verted into the black proto-sesquioxide (CoO + Co'O*). In tho 
reduction flame it shrinks and is redaced without fusion to the 
metallic state. It is now attracted by the magnet and acquires 
lustre by compression. 

Borax dissolves it in the oxidation flame, and produces a 
clear, intensely colored blue bead, which remains transparent 
and of the same beautiful blue when cold. This blue is like- 
wise manifest even if the bead be heated intermittingly. If 
the cobalt exists in considerable quantity, the color of the bead 
is so intense as to appear almost black. 

This reaction of cobalt is so characteristic and sensitive that 
it can detect a minute trace. 

With microcosmic salt the same reaction is exhibited, bat 
not so sensitive, nor is the bead so intensely colored when cold 
as that with borax. 

By fusion with carbonate of soda upon a platinum wire, with 
a very small portion of cobalt, a bright red colored mass is 
produced which appears grey, or slightly green when cold. 
By fusion upon platinum foil the fused portion floats down from 
the sides, and the foil is coated around the undissolved part, 
with a thin, dark-red sublimate. When fused upon charcoal, 
and in the reduction flame, it is reduced with soda to a grey 
powder, which is attracted by the magnet, and exhibits the 
metallic lustre by compression. 

Sesquioxide of Cobalt (Co'O*). — ^It is a dark brown powder. 
Its hydrate (2HO-}-Co'0') is a brown powder. It is soluble 
only in acetic acid as the acetate of the sesquioxide. All other 
acids dissolve its salts to protoxide, the hydrochloric acid pro- 
ducing chloric gas. By ignition in the oxidation flame, it is 
converted into the proto-sesquioxide (CoO-hCo^O') and pro- 
duces with reagents before the blowpipe the same reactions as 
the protoxide. 

(c.) Nickel (Ni). — This metal occurs invariably associated 
with cobalt, and in analogous combinations, chiefly as the arse- 
nical nickel. In the metalKc state it is greyish, silver-white, 
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has a high lastre, is hard, and malleable both cold and hot. 
At common temperatures, it is unalterable either in dry or moist 
air. When ignited, it tarnishes. It is easily dissolved by nitric 
acid, but very slowly by dilute sulphuric or hydrochloric acid, 
producing hydrogen. 

.Protoxide of Nickel (NiO). — ^It is in the form of small grey- 
ish-black octahedrons, or a dark, greenish-grey powder. Its 
hydrate is a green powder. Both are unalterable in the air, 
and are soluble in nitric, sulphuric, and hydrochloric acids, to 
a green liquid. The protoxide is the base of the salts of nickel, 
which in the anhydrous state are yellow, and when hydrated are 
greeli. The soluble neutral salts change blue litmus paper to 
red. By ignition in the oxidation flame, protoxide of nickel is 
unaltered. In the reduction flame and upon charcoal, it 
becomes reduced, and forms a grey adherent powder, which is 
infusible, and presents the metallic lustre by compression, and 
is magnetic. Borax dissolves it in the oxidation flame very 
readily to a clear bead, of a reddish-violet or dark yellow color, 
but yellow or light red when cold. If there is but a small 
quantity of the oxide present, it is colorless. If more of 
the oxide be present, the bead is opaque and dark brown, and 
appears, v^hile cooling, transparent and dark red. By the addi- 
tion of a salt of potassa (the nitrate or carbonate) a blue or a 
dark purple colored bead is produced. The borax bead, in the 
reduction flame, is grey, turbid, or completely opaque from the 
reduced metallic particles. After a continued blast, the bead 
becomes colorless, although the particles are not fused. If the 
nickel contains cobalt, it will now be visible with its peculiar 
blue color. Upon charcoal, and by the addition of some tin, 
the reduction of the oxide of nickel is easily effected, while the 
reduced nickel fuses with the tin. 

The oxide of nickel is dissolved by microcosmic salt in the 
oxidation flame to a clear bead, which appears reddish while 
hot, but yellow and sometimes colorless when cooling. If a 
considerable quantity of nickel be present the heated bead is 
of a brown color, but orange when cooled. In the reduction 
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flame, and upon platinum wire, the color of the bead is orange 
when cold; but upon charcoal, and with the addition of a little 
tin, the bead appears grey and opaque. After being submitted 
to the blowpipe flame all the nickel is reduced, and the bead 
becomes colorless. 

Carbonate of soda does not affect it in the oxidation flame, . 
but in the reduction flame and upon charcoal, it is absorbed 
and reduced, and remains, after washing off the carbon, as a 
white metallic powder, which is infusible, and has a greater 
attraction for the magnet than iron. 

Sesqtiioxide of Nickel (Ni'O"). — It is in the form of a black 
powder, and does not combine' with other substances, unless it 
is reduced to the protoxide. It exhibits before the blowpipe 
the same behavior as the protoxide. 

GROUP SIXTH. — ZINC, CADMIUM, ANTIMONY, TELLURIUM. 

The substances of this group can be reduced upon charcoal 
by fusion with carbonate of soda, but the reduced metals are 
volatilized, and cover the charcoal with sublimates. 

(a.) Zinc (Zn). — This metal is found in considerable abun- 
dance, but never occurs in the pure metallic state, but in com- 
bination with other substartces, chiefly as sulphide in zinc 
blende, as carbonate in calamine, and as the silicate in the 
kieselzinc ore ; also, with sulphuric acid, the " vitriol of zinc." 

Zinc is of a bluish-white color and metallic lustre, is crys- 
talline and brittle when heated 400°F., but malleable and duo- 
tile between 200°. and 300*^. It will not oxidize in dry air, but 
tarnishes if exposed to air containing moisture, first becomes 
grey, and then passes into the white carbonate. It decom- 
poses in water at a glowing heat. It is dissolved by diluted 
acids, while hydrogen is eliminated. It melts at about 775°, 
and distills when exposed to a white heat in a close vessel. 
When heated over 1000° in the open air, it takes fire, and 
burns with a bluish-white light, and with a thick white smoke 
of oxide of zinc. 
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Oxid^ of Zinc (ZnO). — ^In the pure state, oxide of zinc is a 
white powder, infusible, and not volatile. It is readily soluble 
in acids after being heated strongly. Its soluble neutral salts, 
when dissolved in water, change blue litmus paper to red. Its 
salts, with organic acids, are decomposed by ignition, and the 
carbonate of zinc remains. 

The oxide of zinc turns yellow by being ignited in the oxida- 
tion flame, but it is only visible by daylight; this color changes 
to white when cold. It does not melt, but produces a strong 
light, and it is not volatile. 

It disappears gradually in the flame of reduction, while a 
white smoke sublimates upon the charcoal. This sublimate is 
yellow while hot, but changes to white when cold. The cause 
of this is, that the oxide is reduced, is volatilized, and re-oxi- 
dized, by going through the external flame in the form of a 
metallic vapor. 

Borax dissolves oxide of zinc lu the flame of oxidation easily 
to a clear bead, which is yellow while hot, and colorless when 
cold. The bead becomes, by the addition of more oxide, enam- 
elled, while cooling. If the bead is heated with the intermit- 
tent flame, it is milk-white when cold. When heated in the 
flame of reduction upon platinum wire, the bead at first 
appears opaque, and of a greyish color, but becomes clear 
again after a continued blast. 

When heated upon charcoal in the reduction flame, it is 
reduced to a metal; but, at the same moment, is volatilized, 
and sublimes as oxide of zinc upon the charcoal, about one 
line's distance from the assay. This is likewise the case witli 
the microcosmic salt, except that it is more easily volatilized in 
the reduction flame. 

Carbonate of soda does not dissolve the oxide of zinc in the 
flame of oxidation. In the reduction flame and upon charcoal, 
the oxide of zinc is reduced to the metallic state, and is volatil- 
ized with a white vapor of the zinc oxide, which sublimes on 
the charcoal and exhibits a yellow color while hot, and which 
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changes to white when cold. By a stroDg heat the reduced 
zinc burns with a white flame. 

Moistened with a solution of cobalt oxide, and heated 
strongly in the flame of oxidation, zinc oxide becomes of a 
yellowish-green color while hot, and changes to a beautifiil 
green color when cold. 

(b.) Cadmium (Cd). — This is one of the rare metals. It 
occurs in combination with sulphur in greeriockite, and in some 
ores of zinc. It was detected first in the year 1818, and pre- 
sents itself as a tin-white metal of great lustre, and susceptible 
of a fine polish. It has a fibrous structure, crystallizes easily 
in regular octahedrons, presenting often the peculiar arbores- 
cent appearance of the fern. It is soft, but harder and more 
tenacious than tin; it can be bent, filed, and easily cut: it 
imparts to paper a color like that of lead. It is very malleable 
and ductile, and can be hammered into thin leaves. It is easily 
fused, and melts before it glows (450°). At a temperature not 
much over the boiling point of mercury, it begins to boil, and 
distills, the vapor of the metal possessing no peculiar odor. It 
is unalterable in the air for a long time, but at length it tar- 
nishes and presents a greyish-white, half metallic color. This 
metal easily takes fire when heated in the air, and burns with 
a brownish-yellow vapor, while it deposits a yellow sublimate 
upon surrounding bodies. It is easily soluble in acids with the 
escape of hydrogen, the solutions being colorless. Its salts, 
soluble in water, are decomposed by ig^iition in free air. Its 
soluble neutral salts change blue litmus paper to red. The 
salts, insoluble in water, are readily dissolved in acids. 

Oxide of Cadmium (CdO). — This oxide is of a dark orange 
color. It does not melt, and is not volatile, not even at a very 
high temperature. Its hydrate is white, loses in the heat its 
hydratic water,' and absorbs carbonic acid from the air when it 
is kept in open vessels. 

Cadmium oxide is unaltered when exposed upon platinum 
wire in the flame of oxidation. When heated upon charcoal in 
the flame of reduction it disappears in a ve^y short time, while 
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the charcoal is coated with a dark orange or yellow powder, 
the color of which is more visible after it is cooled. The por- 
tions of this Bablimate farthest from the assay present a 
Yisible iridescent appearance. This reaction of cadmium is so 
characteristic and sensitive that minerals (for instance, cala- 
mine, carbonate of zinc) which contains from one to five 
per c6nt. of carbonate of cadmium, will give a dark yellowish 
ring of cadmium aside, a little distance from the assay, after 
being exposed for a few moments to the flame of reduction. 
This sublimate is more visible when cold, and is produced some 
time previous to the reduction of the zinc oxide. If a vapor of 
the latter should appear, it indicates that it has been exposed 
too great a length of time to the flame. 

Borax dissolves a considerable quantity of cadmium oxide 
upon a platinum wire to a clear yellow bead, which, when cold, 
is almost colorless. If the bead is nearly saturated with the 
cadmium oxide, it appears milk-white when intermittingly 
heated. If the bead is completely saturated, it retains its 
opalescent appearance. Upon charcoal, and in the flame of 
reduction, the bead intumesces, the cadmium oxide becomes 
reduced to metal ; this becomes volatilized and re-oxidized, and 
sublimes upon the charcoal as the yellow cadmium oxide. 

In the oxidation flame, microcosmic salt dissolves a large 
quantity of it to a clear bead, which, when highly saturated and 
while hot, is yellowish colored, but colorless when cold. By 
complete saturation, the bead is enamel-white when cold. 

Upon charcoal, in .the flame of reduction, the bead is slowly 
and only partially reduced, a scanty sublimate being produced 
on the charcoal. The addition of tin promotes the reduction. 

Carbonate of soda does not dissolve cadmium oxide in the 
oxidation flame. In the reduction flame, upon charcoal, it is 
reduced to metal, and is volatilized to a red-brown or dark, 
red sublimate of cadmium oxide upon the charcoal, at a little 
distance from the assay the charcoal presenting the character- 
istic iridescent appearance. This reaction is still more sensitive 
if the cadmium oxi&e is heated per se in the reduction flame. 
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Antimony (Sb). — ^This metal is found in almost every corai- 
try. It principally occurs as the tersulphide (SbS'), either 
pure or combined with other sulphides, particularly with basic 
sulphides. Sometimes it occurs as the pure metal, and rarer in 
a state of oxidation as an antimonious acid and as the ozysul" 
phide. 

In the pure state, antimony has a silver-white color, with 
much lustre, and presents a crystalline structure. The commer- 
cial and impure metal is of a tin-white color, and may fre- 
quently be split in parallel strata. It is brittle and easily 
pulverized. It melts at a low red heat (810°), is volati- 
lized at a white heat, and can be distilled. At common tem- 
peratures it is not affected by the air. At a glowing heat it 
takes fire, and burns with a white flame, and with white fumes, 
formiog volatile antimonious acid. Common acids oxidize 
antimony, but dissolve it slightly. It Is soluble in aqua regia 
(nitro-hydrochloric acid). 

Sesquioxide of Antimony (Sb'O*). — ^In the pure state this 
oxide is a white powder, is fusible at a dull red heat to a 
yellow liquid, which, after cooling, is greyish-white and crys- 
talline. If it is heated excluded from the air, it can be 
volatilized completely; it sublimes in bright crystals having the 
form of needles. It occurs sometimes in nature as white and 
very bright crystals. It takes fire when heated in the open 
air, and bums with a . white vapor to antimonious acid. It 
fuses with the ter-sulphide of antimony to a red bead. It is 
distinguished from the other oxides of antimony by the readi- 
ness with which it is reduced to the metallic state upon char- 
coal, and by its easy fusibility and volatility. 

The sesquioxide is the base of some salts — ^for instance, 
the tartar emetic. It is not soluble in nitric acid, but is 
soluble in hydrochloric acid. This solution becomes milky by 
the addition of water. A part of the salts of the sesquioxide 
of antimony are decomposed by ignition. The haloid salts are 
easily volatilized, without decomposition. Its soluble neutral 
salts change blue litmus paper to red, and are converted, by 
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admixture of water, into insoluble basic and soluble acid 
salts. 

Antimonlous acid (antimoniate of sesquioxide of antimony, 
Sb'O'+Sb'O*) is of a white color, but, when heated, of a light 
yellow color, but changes to white again when cold. It is 
infusible and unaltered by heat. It forms a white hydrate, 
and both are insoluble in water and nitric acid. It is partly 
soluble in hydrochloric acid, with the application of heat. The 
addition of water causes a precipitate in this solution. 

AiUimonic Add (Sb'O*). — In the pure state this acid is a 
light yellow-colored powder. Its hydrate is white, and is 
insoluble in water and nitric acid. It is sparingly soluble 
in hot concentrated hydrochloric acid. It forms salts with 
eyery base, some of which are insoluble, and others sparingly 
80. Notwithstanding that antimonic acid is insoluble in water, 
it expels the carbonic acid from the solutions of the carbonates 
of the alkalies. Antimonic acid and its hydrate changes moist- 
tened blue litmus paper to red. 



Behavior of Antimowy and its Oxides before the Blovjpipe. 

Metallic ArUimony fuses easily upon charcoal. When heated 
to glowing, and then removed from the flame, it continues to 
glow for awhile, and produces a thick white smoke. The 
vapor crystallizes gradually, and coats the assay with small 
crystals which iridesce like mother of pearl (sesquioxide of 
antimony). It is not volatile at the temperature of melted 
glass. Ignited in an open glass tube, it burns slowly with a 
white vapor, which condenses upon the cool part of the tube, and 
exhibits some indications of crystallization. This vapor consists 
of the sesquioxide, and can be driven by heat from one place 
to another, without leaving a residue. If the metallic antimony* 
contains sulphide of antimony, there is a corresponding por- 
tion of antimonious acid produced, which remains as a white 
sublimate after the sesquioxide is removed. 

1 
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SesquvKvide of antimontf melts easily, and sablimes as a white 
vapor. It may be prepared by precipitating and drying. 
When heated, it takes fire previons to melting, glows like 
tinder, and is converted into antimonioas acid, which is now 
infnsible. When heated upon charcoal in the flame of redac- 
tion, it is reduced to the metallic state, and partly volatilized. 
A white vapor sublimates upon the charcoal, while the external 
flame exhibits a greenish-blue color. Antimonious acid is infu- 
sible, produces a strong light, and is diminished in volume 
when heated in the external flame, during which time a dense 
white vapor sublimes upon the charcoal. It is not, however, 
in this manner reduced to the metallic state like the sesqui- 
oxide. 

Antimonic add, when first heated, becomes white, and is 
converted into antimonious acid. Hydrated antimonic acid, 
which is originally white, appears at first yellow while giving 
off water, and then becomes white again, while oxygen is 
expelled, and it is converted into antimonious acid. 

The oxides of antimony produce, with blowpipe reagents, the 
followidg reactions : borax dissolves oxides of antimony in the 
oxidation flam«r in considerable quantity to a clear bead, which 
is yellow while hot, but colorless when cold. If the bead is 
saturated, a part of the oxide is volatilized as a white vapor. 
Upon charcoal, in the oxidation flame, it is completely vola- 
tihzed, and the charcoal is covered with a white sublimate. 
Heated upon charcoal in the reducing flame, the bead is of a 
greyish color, and partially, if not wholly opaque, from the pre- 
sence of reduced metallic particles. A continued heat will 
volatilize them, and the bead becomes clear. The addition of 
tin promotes the reduction. 

Microcosmic salt dissolves the compounds of antimony in the 
flame of oxidation with intumescence, to a clear light-yellow 
colored bead, which when cold is colorless^ Heated upon 
charcoal in the reduction flame, the bead is first turbid, but 
soon becomes transparent. The addition of tin renders the 
bead greyish while cooling, but a continued blast renders it 
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transparent. Soda dissolves the componnds of antimony npon 
platinum wire in the oxidation flame, to a clear colorless bead, 
which is white when cold. 

Upon charcoal, both in the oxidation and redaction flames, 
tho antimony componnds are readily rednced to the metal, 
which is immediately yolatilized, and produces a white incrust- 
ation of oxide of antimony upon the charcoal. If the anti- 
mony compounds are heated upon charcoal in the flame of 
reduction, with a mixture of carbonate of soda and cyanide 
of potassium (KCy), there are produced small globules of 
metallic antimony. At the same time, a part of the reduced 
metal is yolatilized (this continues after the assay is removed 
from the flame) and re-oxidized. A white incrustation ap* 
pears upon the charcoal, and the metallic globules are 
covered with small white crystals. If this white sublimate 
upon the charcoal is moistened with a solution of cobalt- 
oxide, and exposed to the reduction flame, a part of it is 
volatilized, while the other part passes into higher oxidation, 
and remains, after cooling, of a durty dark-green color. 

{d.) TellurivM (Te). — This is one of the rare metals. It 
occurs very seldom in the metallic state, but often with bi^ 
muth, lead, silver, and gold. Tellurium, in the pure state, is 
silver-white, very bright, of a foliated or lamellar structure, 
brittle, and easily triturated. It id inclined to crystallize. It is 
soluble in concentrated sulphuric acid without oxidation. The 
solution is of a fine purple color, and gives a precipitate with 
the addition of water. 

Tellurium in the Metallic form. — By the aid of heat it is 
oxidized in sulphuric acid, a portion of the oxygen of the acid 
oxidizing the metal, while sulphurous acid gas escapes. This 
solution is colorless, and is tellurous acid, dissolved in sul- 
phuric acid. It melts at a low red heat, and volatilizes at a 
higher temperature. If tellurium is heated with free access of 
air, it takes fire, and burns with a blue color, the flame being 
greenish at the edges, while a thick white vapor escapes, which 
has a feeble acidulous odor. 
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Tdlurous Add (TeO*) is of a fine, granulous, crystalline or 
white earthy mass, which is partly soluble in water. The 
solution has a strong metallic taste, and an acid reaction upon 
litmus paper. Heated in a tube closed at one end until it 
begins to glow, it fuses to a yellow liquid which is colorless, 
crystalline, and opaque when cold. Beads of it remain usually 
transparent like glass. Heated upon platinum wire in the 
flame of oxidation, it melts, and is volatilized as a white vapor. 
When heated upon charcoal in the oxidation flame, it melts, 
and is reduced to the metallic state, but volatilizes and a sub- 
limate of white tellurous acid is formed upon the charcoal. 
The edge of this deposit is usually red or dark-yellow. 

Heated upon charcoal in the flame of reduction, it is rapidly 
reduced, the external flame exhibiting a bluish-green color. 

Borax dissolves it in the oxidation flame upon platinum wire 
to a clear colorless bead which turos grey when heated upon 
charcoal, through the presence of reduced metallic particles. 
Upon charcoal, in the reduction flame, the bead is grey, caused 
by the reduced metal. After a continued blast, tellurium is 
completely volatilized, and the bead appears clear again, while 
a white sublimate is deposited upon the charcoal. 

With microcosmic salt, the same reactions are produced. 

With carbonate of soda, tellurous acid fuses upon platinum 
wire to a clear colorless bead, which is white when cold. 
Upon charcoal it is reduced, and forms tdhbr-sodiwrn, which is 
absorbed by the charcoal, and metallic tellurium, which is 
volatilized, and deposits upon the charcoal a white incrusta- 
tion (tellurous acid). 

If tellurous acid, finely powdered charcoal, and carbonate 
of soda are mixed together, and the mixture be well ignited in 
a closed tube, until fusion is effected, and a few drops of boiled 
water are brought into the tube, they are colored purple, indi- 
cating the presence of tellur-sodium. 

Telluric Add (TeO*) forms six-sided prismatic crystals. It 
has not an acid, but rather a metallic taste. It changes blue 
litmus paper to red ; is slowly soluble in water, and rather 
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sparingly. Exposed to a high temperatnre, bnt not until 
glowing, the crystalline acid loses its water, and acqaires an 
orange color, but still it preserves its crystalline form, although 
no longer soluble in water, and is in fact so much changed in 
its properties as to present the instance of an isomeric modifi- 
cation. 

If telluric acid is heated gently in a closed tube, it loses 
water and turns yellow. Heated still more strongly, it becomes 
milk-white, oxygen is expelled, and it is converted into tellu- 
rous acid. The presence of oxygen can be recognized by the 
more lively combustion which an ignited splinter of wood 
undergoes when held in it. Telluric acid produces the same 
reactions with the blowpipe reagents as tellurous add. 



SEVENTH GROUP. — LEAD, BISMUTH, TIN. 

The oxides of these metals are also reduced to the metallic 
state by fusion with soda upon charcoal in the flame of reduc- 
tion, but they are volatilized only after a continued blast, and 
a sublimate is thrown upon the charcoal. 

(a,) Lead (Pb). — ^This metal occurs in considerable quanti- 
ty in nature, chiefly as galena or lead-glance (sulphide of 
lead). Likewise, but more rarely, as a carbonate ; also as a 
sulphate, and sometimes combined with other acids and metals. 

In the metallic state, lead is of a bluish-grey color, high lus- 
tre, and sp. gr. 11*4. It is soft, and communicates a stain to 
paper. It is malleable, ductile, but has very little tenacity. It 
melts at about 612°. Exposed to the air it soon tarnishes, being 
covered with a grey matter, which some regard as a suboxide 
(Pb'O), and others as simply a mixture of lead and protoxide. 
At a glowing heat it is oxidized to a protoxide, and at a white 
heat it is volatilized. It is insoluble in most acids. It is, how- 
ever, soluble in nitric acid, but without decomposing water. 

(X.) Protoxide of Lead (PbO). — It is an orange-colored 
powder, which melts at a glowing temperature, and forms a 
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lamellar mass after cooling. Protoxide of lead absorbs oxygen 
from the atmosphere while melting, which is given off again bj 
cooling. Being exposed for a longer while to the air, it absorbs 
carbonic acid and water, and becomes white on the surface. 
It is soluble in nitric acid and caustic alkalies. It forms with 
most acids insoluble salts. It is slightly soluble in pure water, 
but not in water which contains alkaline salts. This hydrate 
is white. 

(j3.) B£d Oxide of Lead (PbO',PbO).— It forms a puce-colored 
powder. It is insoluble in caustic alkalies. Hydrochloric acid 
dissolves it and forms a yellow liquid, which is soon decomposed 
into chloride of lead and chlorine. It is reduced by ignition to 
the protoxide. 

(y.) Peroxide of Lead (PbO*). — ^It is a dark-brown powder. 
It yields with hydrochloric acid the chloride of lead and chlorine 
gas. When heated it liberates oxygen, and is reduced to the 
protoxide. 

Lead combinations give the following reactions before the 
blowpipe : Metallic lead tarnishes when heated in the oxidation 
flame, and is instantly covered with a grey matter, consisting of 
the protoxide and the metal. It fuses quickly, and is then co- 
vered with a yellowish-brown protoxide until all the lead is 
converted into the protoxide, which melts to a yellow liquid. 
In the reduction flame and upon charcoal, it is volatilized, while 
the charcoal becomes covered with a yellow sublimate ot oxide. 
A little distance from the assay, this sublimate appears white 
(carbonate of lead). Protoxide of lead melts in the flame of 
oxidation to a beautiful dark yellow bead. In the flame of re- 
duction, and upon charcoal, it is reduced with intumescence to 
metallic lead, which is volatilized by a continued blast, and sub- 
limates on charcoal, as mentioned above. 

Red oxide of lead turns black when heated in the glass tube 
dosed at one end, and liberates oxygen, which is easily detected 
by the introduction of an ignited splinter, when a more lively 
combustion of the wood proves the presence of uncombined 
oxygen. The red oxide in this case is reduced to the protoxide. 
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Heated apoQ platinam foil, it first turns black, is redaced to the 
protoxide, and melts into a dark yellow liquid. In the redac- 
tion flame, upon charcoal, it is reduced to the metal with intu- 
mescence. After a continued blast, a yellow sublimate of pro- 
toxide is produced upon the charcoal, and at a little distance off, 
around this sublimate, a white one of carbonate of lead is pro- 
duced. This sublimate disappears when touched by the flame 
of reduction, while it communicates an azure blue-tinge to the 
external flame. This is likewise the case with the peroxide of 
lead. 

The different oxides of lead produce with the blowpipe re- 
agents the same reactions. 

Borax dissolves lead compounds with the greatest readiness 
upon platinum wire in the oxidation flame to a transparent bead, 
which is yellow when hot, but colorless after being cooled. 
With the addition of more of the lead oxide, it becomes opal- 
escent. When heated by the intermittent flame, and with still 
more of the oxide, it acquires a yellow enamel after cooling. 
Heated upon charcoal, in the flame of reduction^ the bead 
spreads and becomes opaque. After a continued blast, all 
the oxide is reduced with effervescence to metallic lead, which 
melts and runs towards the edges of the bead, while the bead 
again becomes transparent. 

Microcosmic Salt dissolves oxides of lead upon platinum wire 
in the flame of oxidation easily to a clear, colorless bead, which 
appears, when highly saturated, yellow while hot. A saturated 
bead becomes enamel-like after cooling. The bead appears in 
the flame of reduction, and upon charcoal, of a greyish color 
and dull. By the addition of more oxide, a yellow sublunate of 
protoxide is produced upon the charcoal. By the addition of 
tin, the bead appears of a darker grey, but it is never quite 
opaque. 

Carbonate of Soda dissolves oxide of lead in the flame of oxi- 
dation upon platinum wire quite readily to a transparent bead, 
which becomes yellow when cooling, and is opaque. Upon char- 
coal in the flame of reduction, it is rapidly reduced to metallic 
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lef^d, wbich yields, after a contlnaed blast, a yellow sublimate 
of oxide upon the charcoal. 

(J.) Bismuth (Bi). — This metal occurs mostly in the metallic 
state, and less frequently as the sulphide. In the pure metallic 
state, it is of a reddish-white color and great lustre. It crys- 
tallizes in cabes. It is brittle, and may be readily pulverized. 
It melts at 416°, and is volatilized at a white heat. It is solu- 
ble in nitric acid, and forms the nitrate of bismuth. 

(a.) Oxide of Bismuth (Bi'0»). — ^This oxide is a light yellow 
powder, fusible at a red heat, insoluble in caustic potash and 
ammonia. It is the base of the salts of bismuth. Its hydrate 
is white, and easily soluble in acids. The addition of water 
causes these solutions to become Qiilky, because they are 
decomposed into a soluble acidulous and an insoluble basic 
salt of bismuth. 

{P.) Pertmde of Bismuth (BiO*) is a dark-colored powder, 
completely soluble in boiling nitric acid, and yielding oxygen ; 
produces, with hydrochloric acid, chlorine gas. It can be 
heated up to the temperature of 620° without being decom- 
posed ; but, exposed to a temperature of 630° it yields oxygen. 
Mixed with combustible substances, it glows with brightness. 

(y.) Bismuthic Add (Bi'O*) is a brown powder similar to 
the peroxide, but is converted by boiling nitric acid into a 
green, scarcely soluble substance (Bi'O', Bi*0*). Its hydrate 
is of a red color. 

Blowpipe Keactions. — Metallic bismuth is converted, when 
exposed upon platinum wire to the flame of oxidation, into a 
dark brown oxide, which turns light yellow while cooling. It 
is slowly volatilized when heated, and a yellow sublimate of 
oxide is produced upon the charcoal. 

Oxide of bismuth melts upon platinum foil in the flame of 
oxidation very easily into a dark-brown liquid, which changes 
to a light yellow while cooling. By too strong a heat, it is 
reduced and penetrates the platinum foil. 

Upon charcoal, in the flame of oxidation and of reduction, it is 
reduced to metallic bismuth, which melts into one or more 
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globules. By a continued blast they are slowly volatilized, and 
produce a yellow sublimate of oxide upon the charcoal, beyond 
which a white sublimate of carbonate of bismuth is visible. 
These sublimates disappear in the flame of reduction, but with- 
out communicating any color to it. 

Borax dissolves oxide of bismuth upon platinum wire, in the 
flame of oxidation, easily to a clear yellow bead, which appears 
colorless after cooling. By the addition of more oxide, the hot 
bead becomes orange. It turns more yellow while cooling, and 
when cool is opalescent. Upon charcoal in the flame of reduc- 
tion, the bead becomes turbid and greyish colored. The oxide is 
reduced with intumescence to the metallic state, and the bead 
becomes clear again. The addition of tin promotes the reduc- 
tion. 

Microcosmic Salt dissolves oxide of bismuth upon platinum 
wire, in the flame of oxidation, to a yellow bead, which becomes 
colorless after cooling. By the addition of more oxide, the 
bead is yellowish-brown while hot, and colorless after cooling, 
but not quite transparent. This bead becomes enamelled when 
heated by the intermittent flame ; also, by the addition of still 
more of the oxide, after it is cooled. 

Upon charcoal, in the flame of reduction, and particularly 
with the addition of tin, the bead is colorless and transparent 
while hot, but while cooling becomes of a dark-gray color and 
opaque. 

Oxide of bismuth is reduced, by fusion with carbonate of soda, 
as well in the oxidating as in the reducing flame, instantly to 
metallic bismuth. 

As the above mentioned higher oxides of bismuth are con- 
verted by ignition into oxide of the metal and free oxygen, 
they have the same behavior before the blowpipe. 

As bismuth occurs mostly in the metallic form, it is neces- 
sary to know how to distinguish it from metals similar to 
it. Its brittleness distinguishes it from lead, zinc and tin, as 
they are readily flattened by a stroke of the hammer, while 
bismuth is broken to pieces. Bismuth, in this latter respect, 

7* 



154 TLhe Blowpipe. 

might perhaps be mistaken for antimony or telloriam ; bnt, by 
the following examination, it is easy to separate bismuth from 
antimony or tellorinm. 

1. Neither bismuth nor antimony sublimates when heated in 
a glass tube closed at one end. At a temperature which is 
about to fuse the glass, tellurium yields a small quantity of a 
white vapor (some tellurium is oxidized to tellurous acid bj 
the oxygen of the air in the tube). After that, a grey metallic 
sublimate settles on the sides of the tube. 

2. Heated in an open tube, antimony yields a white vapor, 
which coats the inside of the glass tube, and can be driven by 
heat from one part of the tube to another without leaving a 
residue. The metallic globule is covered with a considerable 
quantity of fused oxide. Tellurium produces, under the same 
circumstances, an intense vapor, and deposits on the glass a 
white powder, which melts by heat into globules that run 
over the glass. The metallic globules are covered by fused, 
transparent, and nearly colorless oxide, which becomes white 
while cooling. By a high temperature, and with little access 
of air, metallic tellurium sublimes with the deposition of a 
grey powder. Bismuth produces, under similar treatment, 
scarcely any vapor, unless it is combined with sulphur. The 
-metal is enveloped by fused oxide of a dark yellow color, 
which appears light yellow after being cooled. It acts upon 
the glass, and dissolves it. 

3. Upon charcoal, exposed to the blowpipe flame, the three 
metals are volatilized, and yield a sublimate upon the charcoal. 
That of antimony is white, while those of bismuth and tellurium 
are dark yellow. By exposing them to the flame of reduction, 
the sublimate of tellurium disappears and communicates an 
intense green color to the flame. The antimony incrustation 
gives a feeble greenish-blue color, while the sublimate of bis- 
muth gives no perceptible color in the light. It is, however, 
worthy of notice that if the operation takes place in the dark, 
a very pale blue flame will be seen with the bismuth. 

(c.) Tin (Sn). — ^TMs metal does not occur in nature in the 
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metallic state, yerj seldom in the snlphide, bat chiefly in the 
oxide (tinstone). In the metallic state it is silver-white, pos- 
sesses a very high lustre*, is soft (but harder than lead), ductile,* 
but has not much tenacity, and it is very malleable. The 
metal when it is cast gives a peculiar creaking noise when 
twisted or bent, which proceeds from the crystalline structure 
of the metal. This crystallization is quite clearly manifested 
by attacking the surface of the metal, or that of tin plate, 
with acids. 

Tin is very slightly tarnished by exposure to the air. It 
fuses at 442°, and becomes grey, being a mixture of the oxide 
and the metal. At a high temperature even, tin is but little 
subject to pass off as vapor. It is soluble in aqua regia, and 
with the liberation of hydrogen, in hot sulphuric and hydro- 
chloric acids, and in cold dilute nitric acid, without decom- 
posing water, or the production of a gas, while nitrate of tin 
and nitrate of ammonia are formed. Concentrated nitric acid 
converts tin into insoluble tin acids. 

{a.) Protoxide of Tin (SnO) is a dark-grey powder. Its 
hydrate is white, and is soluble in caustic alkalies. When this 
solution is heated, anhydrous crystalline black protoxide is 
separated. The soluble neutral salts of tin-protoxide are de- 
composed by the addition of water, and converted into acid 
soluble, and basic insoluble salts. 

When protoxide of tin is ignited with free access of air, it 
takes fire and is converted with considerable intensity into the 
acids, producing white vapors. This is likewise the case if it is 
touched by a spark of fire from steel. The hydrate of the prot- 
oxide of tin can be ingnited by the flame of a candle, and 
glows like tinder. 

(/J.) Sesquioxide of Tin (Sn*0*) is a greyish-brown powder. 
Its hydrate is white, with a yellow tinge. It is soluble in 
aqua ammonia and in -hydrochloric acid ; this solution forms 
with solution of gold the " purple of Cassius." 

(y.) Stamnic Add (peroxide, SnO'). — This acid occurs in na- 
ture crystallized in quadro-octahedrons, of a brown or an intense 
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black color, and of great hardness (tinstone). Artificially pre- 
pared, it is a white or yellowish-white powder. It exists in 
two distinct or isomeric modifications, one of which is insoluble 
in acids (natural tin-acid) while the other (tin-acid prepared in 
the wet way) is soluble in acids. By ignition the soluble acid 
is converted into the insoluble. Both modifications form 
hydrates. 

Reactions before the BlotDpipe. — ^Metallic tin melts easily. It 
is coyered in the flame of oxidation into a yellowish-white 
oxide, which is carried off sometimes by the stream of air 
which propels the flame. In the reduction flame, and upon 
charcoal, melting tin retains its metallic lustre, while a thin 
sublimate is produced upon the charcoal. This sublimate is 
light-yellow while hot, and gives a strong light in the flame of 
oxidation, and turns white while cooling. This sublimate is 
found near to the metal, and cannot be volatilized in the oxida- 
tion flame. In the. flame of reduction it is reduced to metallic 
tin. Sometimes this incrustation is so imperceptible that it 
can scarcely be distinguished from the ashes of the charcoal. 
If such be the case, moisten it with a solution of cobalt, and 
expose it to the flame of oxidation, when the sublimate will 
exhibit, after cooling, a bluish-green color. 

Protoxide of tin takes fire in the flame of oxidation, and 
bums with flame and some white vapor into tin acid, or stannic 
acid. In a strong and continued reduction flame, it may bo 
reduced to metal, when the same sublimate above mentioned 
is visible. The sesquioxide of tin behaves as the above. 

Stannic acid, heated in the flame of oxidation, does not melt 
and is not volatilized, but produces a strong light, and appears 
yellowish while hot, but changing as it cools to a dirty-yellow 
white color. In a strong and continued flame of reduction, it 
may be reduced likewise to the metallic state, with the produc- 
tion of the same sublimate as the above. 

Borax dissolves tin compounds in the flame of oxidation, and 
upon platinum wire, very tardily, and in small quantity, to a 
transparent colorless bead, which remains clear after cooling, 
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and also when heated intermittinglj. Bat if a saturated bead, 
after being completely cool, is exposed again to the flame of 
oxidation, at a low red heat, the bead while cooling is 
opaque, loses its globular form, and exhibits an indistinct crys- 
tallization. This is the case too in the flame of reduction, but 
if the bead is highly saturated, a part of the oxide is reduced. 

Microcosmic Salt dissolves the oxides in the flame of reduc- 
tion very tardily in a small quantity to a transparent colorless 
bead, which remains clear while cooling. If to this bead ses- 
quioxide of iron is added in proper proportion, the sesquioxide 
loses its property of coloring the bead, but of course an excess 
of the iron fialt will communicate to the bead its own charac- 
teristic color. In the flame of reduction no further alteration 
is visible. 

Tin-oxides combine with carbonate of soda, in the flame of 
oxidation upon platinum wire, with intumescence to a bulky 
and confused mass, which is insoluble in more soda. Upon char- 
coal, in the reduction flame, it is easily reduced to a metallic 
globule. Certain compounds of tin-oxides, particularly if they 
contain tantalum, are by fusion with carbonate of soda reduced 
with difficulty ; but by the addition of some borax, the reduc- 
tion to the metallic state is easily effected. 

Tin-oxides exposed to the oxidation flame, then moistened 
with a solution of cobalt, and exposed again to the flame of 
oxidation, will exhibit, after having completely cooled, a bluish- 
green color. 



SIGHTH 6B0UP. — ^HEBCUBT, ABSSNIO. 

These two metals are volatilized at a temperature lower 
than that of a red heat, and produce, therefore, no reactions 
with borax and microcosmic salt. Their oxides are easily 
reduced to the metallic state. 

(a.) Mercury (Hg). — ^This metal occurs in nature chiefly 
combined with sulphur as a bisulphide. 
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It occurs still more rarely in the metallic form, or combined 
with silver, selenium, or chlorine. 

Mercury, in the metallic state, has a strong lustre, and is 
liquid at ordinary temperatures, whereby it is distinguished 
from any other metal. It freezes at 40® and boils at 620°, 
but it evaporates a£ common temperatures. Pure mercury is 
unalterable. Upon being exposed to the air, it tarnishes only 
by admixture with other metals, turns grey on the surface, and 
loses its lustre. It is soluble in cold nitric acid and in concen- 
trated hot sulphuric acid, but not in hydrochloric acid. 

{X') Protoxide of Mercury (Hg'O). — It is a black powder, 
which is decomposed by ignition into metallic mercury and oxy- 
gen. ' By digestion with certain acids, and particularly with 
caustic alkalies, it is converted into metallic mercury and per- 
oxide. Some neutral salts of the protoxide are only partly 
soluble in water, as they are converted into basic insoluble and 
acid soluble salts. 

Protoxide of mercury is completely insoluble in hydrochloric 
acid. Its neutral salts change blue litmus paper to red. 

(p.) Peroxide of Mtrcwry (HgO). — This oxide exists in two 
allotropic modifications. One is of a brick-red color, and the 
other is orange. Being exposed to heat, they turn black, but 
regain their respective colors upon cooling. They are decom- 
posed at a high temperature into metallic mercury and oxygen. 
They yield with acids their own peculiar salts. 

Mercury, in the metallic form, can never be mistaken for any 
other metal in consequence of its fluid condition at ordinary 
temperatures. 

Exposed to the blowpipe flame, it is instantly volatilized. 
This is also the case with it when combined with other 
metals. The oxides of mercury are, in the oxidation and 
reduction flames, instantly reduced and volatilized. They do 
not produce any alteration with fluxes, as they are volatilized 
before the bead melts. Heated with carbonate of soda in a 
glass tube closed at one end, they are reduced to metallic mer- 
cury, which is volatilized, and condenses upon a cool portion of 
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the tnbe as a grey powder. By cautious knocking against the 
tube, or by rubbing with a glass rod, this sublimate can be 
brought together into one globule of metallic mercury. Com- 
pounds of mercury can be most completely reduced by a mix- 
ture of neutral oxalate of potassa and cyanide of potassium. If 
the substance under examination contains such a small quan- 
tity of mercury that it cannot be distinguished by volatilizationy 
a strip of gold leaf may be attached to an iron wire, and intro- 
duced during the experiment in the glass tube. The smallest 
trace of mercury will whiten the gold leaf in spots. 

(b.) Arsendc (As). — This metal occurs in considerable quan- 
tity in nature, chiefly combined with sulphur or metals. 

Arsenic, in the metallic state, is of a whitish-grey color, high 
lustre, and is crystalline, of a foliated structure, and is so brittle 
that it can be pulverized. It does not melt, but is volatilized 
at 366°. Its vapor has a strong alliaceous odor. Arsenic 
sublimes in irregular crystals. By exposure to the air it soon 
tarnishes, and is coated black. Being mixed with nitrate of 
potassa and inflamed, it detonates with vehemence. Mixed 
with carbonate of potassa, it is inflamed by a stroke of the 
hammer, and detonates violently. 

Heated Id oxygen gas, it is inflamed, and bums with a pale 
blue flame to arsenious acid. 

(P,) Arsenious Add (AsO*). — ^This acid crystallizes in octa- 
hedrons, or, when fused, forms a colorless glass, which finally 
becomes opaque and enameMike, or forms a white powder. It 
sublimes without change or decomposition. When heated for 
a longer while below the temperature of sublimation, it melts 
into a transparent, colorless, tough glass. The opaque acid is 
sparingly soluble in cold water, and still more soluble in hot 
water. It is converted, by continued boiling, into the transpa- 
rent acid, which is much more soluble in water. Arsenious acid 
is easily dissolved by caustic potassa. It is also soluble in 
hydrochloric acid. This acid occurs associated with antimo- 
nious acid, protoxide of tin, protoxide of lead, and oxide of 
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copper. It occurs likewise in very small quantity in ferrugi- 
nous mineral springs. 

(y.) Arsenic Add (AsO*) is a white mass, which readily 
absorbs moisture and dissolves. It will not volatilize at a low 
red heat, nor will it decompose. Exposed to a strong heat, it 
is decomposed, yielding oxygen, and passing into arsenious 
acid. 

Reactions hefore the Blowpipe. 

Metallic arsenic, heated in a glass tube closed at one end, 
yields a black sublimate of a metallic lustre, and at the same 
time gives out the characteristic alliaceous odor. This is the 
case too with alloys of arsenic, if there is a maximum quantity 
of arsenic present. 

When heated in a glass tube open at both ends, metallic 
arsenic is oxidized to arsenious acid, which appears as a white 
crystalline sublimate on the sides of the glass tube. This 
deposit will occur at some distance from the assay, in conse- 
quence of the great volatility of the arsenic. The sublimate 
can be driven from one place upon the tube to another, by a 
very low heat. Alloys of arsenic are converted into basic 
arseniates of metal oxides, while surplus arsenic is converted 
into arsenious acid, which sublimes on the tube. If too much 
arsenic is used for this experiment, a dark-brown incrustation 
will sublime upon the sides of the tqbe which will give an alli- 
aceous smell. If this sublunate should be deposited near the 
assay, then it resembles the white sublimate of arsenious acid. 

Heated upon charcoal, metallic arsenic is volatilized before 
it melts, and incrusts the charcoal in the flame of oxidation as 
a white deposit of arsenious acid. This sublimate appears 
sometimes of a greyish color, and takes place at some dis- 
tance from the assay. When heated slightly with the blow- 
pipe flame, this sublimate is instantly driven away, and being 
heated rapidly in the reduction flame, it disappears with a 
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light blae tinge, while the usual alliaceous or garhc smell may 
be discerned. 

Arsenioos acid sublimes in both glass tubes yerj readily, as a 
white crystalline sublimate. These crystals appear to be regu. 
lar octahedrons when observed under the microscope. Upon 
charcoal it instantly volatilizes, and when heated, the character, 
istic garlic smell may be observed. 

Arsenic acid yields, heated strongly in a glass tube closed at 
one end, oxygen and arsenious acid, the latter of which sub- 
limes in the cool portions of the tube. Compounds of arsenic 
produce, in consequence of their volatility, no reactions with 
fluxes. Being heated upon charcoal with carbonate of soda, 
they are reduced to metallic arsenic which may be detected by 
the alliaceous odor peculiar to all the arsenic compounds when 
Tolatilized. 



NINTH GBOTTP.— OOFPSB, SILVBB, GOLD. 

These metals are not volatile, neither are their oxides. They 
are reduced to the metallic state, by fusion with carbonate of 
soda, when they' melt to a metallic grain. The oxides of silver 
and gold are reduced per se to the metallic state by ignition. 
In the reduction of the oxides of this group, no sublimate is 
visible upon the charcoal. 

(a.) Copper (Cu). — ^This metal occurs in the metallic state, 
also as the protoxide, &ni as oxides combined with acids in 
different salts (carbonate of copper as malachite, etc.) The sul- 
phide of copper is the principal ore of copper occurring in nature. 
In the metallic state, copper is of a red color, has great lustre 
and tenacity, is ductile and malleable, and crystallizes in octa- 
hedrons and cubes. It melts at a bright red heat, is more 
difficult than silver to fuse, but fuses more readily than gold. 
It absorbs oxygen while melting. There arises from its surface 
a fine dust of metallic globules, which are covered with the 
protoxide. The surface of the metal is likewise covered with 
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the protoxide. Copper exposed to moist air tarnishes, and is 
conyerted into hydratic carbonate of copper. When ignited 
in the open air, it is soon covered with the brownish-red prot- 
oxide. 

(X-) Protoxide of Copper (Cn'O). — ^This oxide occurs in 
nature, crystallized in octahedrons of a ruby-red color, of a 
lamellar structure, and transparent. Artificially prepared, it 
forms a powder of the same color. It is decomposed by dilute 
acids into salts of peroxide and metal. It is converted by igni- 
tion, with free access of air, into peroxide. 

(j3.) Oxide of Copper (OuO). — ^This oxide is a dark-brown 
or black powder. It is dissolved by acids, with a blue or 
green-colored solution. It is soluble in aqua ammonia, and the 
solution is of a dark ]3lue color. 

Reactions hefore the Blowpipe, — Oxide of copper exposed 
upon platinum wire to the inmost flame (the blue flame), com- 
municates to the external flame a green color. Heated upon 
charcoal in the oxidation flame, it melts to a black ball, soon 
spreads over the charcoal, and is partially reduced. 

Exposed to the reduction flame, at a temperature which will 
not melt copper, it is reduced with a bright metallic lustre, but 
as soon as the blast ceases, the surface of the metal becomes 
oxidized, and appears dark brown or black. If the tempera- 
ture is continued still higher, it melts to a metallic grain. 

Borax dissolves the oxide of copper in the flame of oxidation 
to a clear green-colored bead, even if the quantity of oxide be 
quite small, but by cooling, the bead becomes blue. In the 
flame of reduction upon platinum wire, the bead soon becomes 
colorless, but while cooling presents a red color (protoxide of 
copper). This bead is opaque, but, if too much of the oxide 
is added, a part of it is reduced to metal, which is visible by 
breaking the metallic grain. 

Upon charcoal, the oxide is reduced to the metal, and the 
bead appears colorless after cooling. With the addition of 
some tin, the bead becomes brownish-red and opaque after 
cooling. 
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Microcosmic Salt dissolyes oxide of copper in the flame 
of oxidation to a green bead, not so intensely colored as the 
borax bead. In the reduction flame the bead, if pretty well 
saturated, becomes dark-green while hot, and brownish-red 
when cool, opaque and enamel-like. If the oxide is so little 
that no reaction is visible, by the addition of some tin, the 
bead appears colorless while hot, and dark brownish-red and 
opaque when cold. 

Carbonate of Soda dissolves oxide of copper in the oxidation 
flame upon platinum wire, to a clear, green bead, which loses 
its color when cooling, and becomes opaque. 

Upon charcoal, it is reduced to the metal, the soda is ab- 
sorbed by the charcoal, and the metallic particles melt with 
sufficient heat to a grain. 

(b.) 'Silver (Ag). — This metal occurs in nature in the me- 
tallic state, and in combination with other metals, particularly 
with lead. It also occurs as the sulphide in several mines. 
It crystallizes in cubes and octahedrons ; is of a pure white 
color, great lustre, is very malleable and ductile, and is softer 
than copper, but harder than gold. It is not oxidizable, neither 
at common temperatures nor at those which are considerably 
higher. It is soluble in dilute nitric acid, and in boiling con- 
centrated sulphuric acid. 

(X-) Protoxide of Silver (Ag*0). — ^It is a black powder. 
It is converted by acids and ammonia into oxide and metal. 

(/3.) Oxide of Silver (AgO). — It is a greyish-brown or 
black powder, and is the base of the silver salts. With aqua 
ammonia, it is converted into the black, fulminating silver. 

(y.) Superoxide or*Binoxide of Silver (AgO*). — This oxide 
occurs in black needles or octahedral crystals of great metallic 
lustre. It is dissolved by the oxygen acids with the disen- 
gagement of oxygen gas. 

Behavior before the Blowpipe. — ^When exposed to the flames 
of oxidation and reduction, the oxides of silver are instantly 
reduced to the metallic state. 

Borax dissolves silver-oxides upon platinum wire in the 
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oxidation flame but partially, while the other portion is re- 
duced, the bead appearing opalescent after cooling, in corres- 
pondence to the degree of saturation. The bead becomes grey 
in the flame of reduction, the reduced silver melting to a grain, 
and the bead is rendered clear and colorless again. 

Microcosmic Salt dissolves oxides of silver in the flame of 
oxidation upon platinum wire to a transparent yellowish bead, 
which presents, when much of the Qxide is present, an opales- 
cent appearance. 

In the flame of reduction, the reaction is analogous to that 
of borax. 

By fusion with carbonate of soda in the oxidation and reduc- 
tion flames, the silver oxides are instantly reduced to metallic 
silver, which fuses into one or more grains. 

(c.) Grold (Au). — ^This metal occurs mostly in the metallic 
state, but frequently mixed with ores, and with other metals. 
Gold crystallizes in cubes and octahedrons, is of a beautiful yel- 
low color, great lustre, and is the most malleable and ductile 
of all the metals. It melts at a higher temperature than cop- 
per, gives a green colored light when fused, and contracts 
greatly when cooling. It does not oxidize at ordinary tempe- 
ratures, nor when heated much above them. It is soluble in 
nitro-hydrochloric acid {aqim regia), 

(X-) Protoxide of Gold (Au'O). — ^This oxide is a dark violet 
colored powder which isl converted by a temperature of 540° 
into metallic gold and oxygen. It' is only soluble in aqua 
regia. Treated with hydrochloric acid, it yields the chloride 
of gold and the metal. With aqua ammonia, it yields the ful- 
minating gold, which is a blue mass and very explosive. 

(X') Peroxide of Gold (Au"0*). — This oxide is an olive- 
green or dark brown powder, containing variable quantities of 
water. Decomposed at 630°, it yields metallic gold and oxy- 
gen. 

Reactions before the Blowpipe. — Oxides of gold are reduced, 
in both the oxidation and reduction flames, to the metal, which 
fuses to grains 
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Borax does not dissolve it, bat it is rednced to the metallic 
state in this flux in either flame. The reduced metal fuses 
upon charcoal to a grain. 

Microcosmic Salt presents the same reactions as borax. 

When fused with soda, upon charcoal, the soda is absorbed, 
and the gold remains as a metallic grain. 



TENTH GROUP. — ^MOLYBDENUM, OSMIUM. 

These metals are not volatile, and are infusible before the 
blowpipe; but some of their oxides are volaBle, and can be 
reduced to an infusible metallic powder. 

(a.) Molybdenum (Mo) occurs in the metallic state ; also 
combined with sulphur, or as molybdic acid combined with 
lead. It is a white, brittle metal, and is unaltered by expo- 
sure to the air. When heated until it begins to glow, it is 
converted into a brown oxide. Heated at a continued dull red 
heat, it turns blue. At a higher temperature, it is oxidized to 
molybdic acid, when it glimmers and smokes, and is converted 
into crystallized molybdic acid upon the surface. 

(X-) Protoxide of Molybdenum (MoO). — ^This oxide is a 
black powder. 

(X-) JDeutoxide of Molybdenum (MoO'). — ^This axide is a 
dark copper-colored crystalline powder. 

Reactions before the Blowpipe. — Metallic molybdenum, its 
protoxide and binoxide, are converted in the oxidation flame 
into molybdic acid. This acid fuses In the flame of oxidation 
to a brown liquid, which spreads, volatilizes, and sublimes upon 
the charcoal as a yellow powder, which appears crystalline in 
the vicinity of the assay. This sublimate becomes white after 
cooling. Beyond this sublimate there is visible a thin and not 
volatile ore of binoxide, after cooling; this is of a dark copper- 
red color, and presenting a metallic lustre. 

Heated in a glass tube, closed at one end, it melts to a 
brown mass, vaporizes and sublimates to a white powder upon 
a cool portion of the tube. Immediately above the assay, yel- 
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low crystals are visible; these crystals are colorless after cool- 
iDg, and the fused mass becomes light yellow-colored and crys- 
talline. 

Upon platinum foil, in the flame of oxidation, it melts and 
vaporizes, and becomes light yellow and crystalline after cool- 
ing. In the reduction flame it becomes blue, and brown-colored 
if the heat is increased. 

Upon charcoal, in the reduction flame, it is absorbed by the 
charcoal; and, with an increase of the temperature, it is re- 
duced to the metal, which remains as a grey powder after 
washing off the particles of charcoal. 

Borax dissolves ""it, in the oxidation flame, upon platinum 
wire easily, and in great quantity, to a clear yellow, which 
becomes colorless while cooling. By the addition of more of 
the molybdenic acid the bead is dark yellow, or red while hot, 
and opalescent when cold. In the reduction flame, the color 
of the bead is changed to brown and transparent. By the 
addition of more of the acid, it becomes opaque. 

Microcosmic Salt dissolves it in the oxidation flame, upon 
platinum wire, to a clear, yellowish-green bead, which becomes 
colorless after cooling. In the reduction flame the bead iff very 
dark and opaque, but becomes of a bright green after cooling. 
This is the case likewise upon charcoal. 

Carbonate of Soda dissolves it upon platinum wire ia the 
oxidation flame with intumescence, to a clear bead, which 
appears milk-white after cooling. Upon charcoal the soda aud 
the molybdic acid are absorbed, the latter is reduced to the 
metallic state, the metal remaining as a grey powder after 
washing off the particles of charcoal. When molybdic acid, or 
any other oxide of this metal, is exposed upon platinum wire, or 
with platinum tongs, to the point of the blue flame, a yellowish- 
green color is communicated to the external flame. If also any 
of the compounds of molybdenum are mixed in the form of a 
powder with concentrated sulphuric acid and alcohol, and the 
latter inflamed, the flame of the alcohol appears colored green. 
• (c.) Osmium (Os). — This metal occurs associated with pla- 



Special Keactions. 167 

tiniim. It is * of a bluish-grey color, and is very brittle. 
Ignited in the open air, it is oxidized to volatile osmic acid, 
which is possessed of a pungent smell, and afifects the eyes. It 
communicates a bright white color to the flame of alcohol. 
Osmium oxide (OsO*) is converted in the oxidation flame to 
osmic acid, which is volatilized with a peculiar smell, leaving a 
sublimate. 

In the reduction flame it is reduced to a dark-brown infusible 
metallic powder. It produces no reactions with fluxes. Car- 
bonate of soda reduces it upon charcoal to an infusible metallic 
powder, which appears, after washing off the particles of char- 
coal, of a dark-brown color. % 



ELEVENTH GROUP.- — PLATINUM, PALLADIUM, IRIDIUM, RHODIUM, 

RUTHENIUM. 

These metals are infusible before the blowpipe. They are 
not volatile, nor are they oxidizable. Their oxides are, in both 
flames, reduced to a metallic and infusible powder. They give 
no reactions with fluxes, but are separated in the metallic form. 
These metals are generally found associated together in the 
native platinum, also with traces of copper, lead, and iron. 

The metal palladium is found native, associated with iridium 
and platinum. This metal generally occurs in greatest quan- 
tity in Brazil. 

The metal rhodium is found along with platinum, but in very 
small quantities. 

Iridium occurs in nature associated with osmium, gold, and 
platinum, in the mines of Eussia. Its great hardness has ren- 
dered it desirable for the points of gold pens. In South 
America this metal is found native, associated with platinum 
and osmium. The latter metal, associated with platinum and 
iridium, has been found in South America. 

As these metals will not oxidize or dissolve, they cannot be 
separated from each other by the blowpipe with the reagents 
peculiar to that species of analysis. It is true that colors may 
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be discerned in the beads, bnt these tints proceed from the pre- 
sence of small traces of copper, iron, etc. 

The ore of osmium and iridium can be decomposed, and the 
former recognized by its fetid odor. This metal, strongly 
ignited in a glass tube with nitrate of potash, is converted to 
the oxide of osmium, which gives an odor not unlike the chlo- 
ride of sulphur. 

As the metals of this group are very rare ones, especially the 
last four ones, we shall not devote an especial division to each 
of them. For a more detailed statement of their reactions, the 
student is referred to the large works upon blowpipe analysis. 



CLASS III. 

NON-METALLIC SUBSTANCES. 

1. Water — 2. Nitric Acid — 3. Carbon — 4. Phosphorus — 5. Sul- 
phur — 6. Boron — 7. Silicon — 8. Chlorine — 9. Bromine — 
10. Iodine — 11. Fluorine — 12. Cyanogen — 13. Sdeninm, 

(1.) Water (HO). — Pure distilled water is composed of 
one volume of oxygen, and two volumes of hydrogen gases ; or, 
by weight, of one part of hydrogen to eight parts of oxygen 
gases. Water is never found pure in nature, but possessing 
great solvent properties, it always is found with variable pro- 
portions of those substances it is most liable to meet with, dis- 
solved in it. Thus it derives various designations depending 
upon the nature of the substance it may hold in solution, 
as lime-water, etc. 

In taking cognizance of water in relation to blowpipe analy- 
sis, we regard it* only as existing in minerals. The examination 
for water is generally performed thus : the substance may be 
placed in a dry tube, and then submitted to heat over a spirit- 
lamp. If the water exists in the mineral mechanically it will 
soon be driven oflF, but if it exists chemically combined, the 
heat will fail to drive it oflF, or if it does, it will only partially 
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effect it. The water will condense upon the cool portions of 
the tube, Tdiere it can be readily discerned. If the water exists 
chemically combined, a mnch stronger heat most be applied in 
order to separate it. 

Many substances may be perhaps mistaken for water by the 
beginner, snch as the volatile acids, etc. 

(2 ) Nitric Add (NO*). — Nitric acid occnrs in natore in 
potash and soda saltpetre. These salts are generally impore, 
containing lime, as the sulphate, carbonate and nitrate, and also 
iron in small quantity. The soda saltpetre generally contains 
a quantity of the chloride of sodium. The salts containing 
nitric acid deflagrate when heated on charcoal. Substances 
containing nitric add may be heated in a glass tube closed at 
one end, by which the characteristic red fumes of nitrous acid 
are eliminated. If the acid be in too minute a quantity to be 
thus distinguished, a portion of the substance may be intimately 
mixed with some bisulphate of potash, and treated as above. 
The sulphuric acid of the bisulphate combines with the base, 
and liberates the nitric acid, while the tube contains the nitrous 
acid gas. 

The uitrate of potassa, when heated in a glass tube, fuses to 
a clear glass, but gives off no water. When fused on platinum 
wire, it communicates to the external flame the characteristic 
violet color. When fused and ignited on charcoal, its surface 
becomes frothy, indicating the nitric acid. 

(3.) Carbon (C). — Carbon is found in nature in the pure 

crystallized state as the diamond. It occurs likewise in 

^several allotropic states as graphite, plumbago, charcoal, 

anthracite, etc. It exists in large quantities combined with 

oxygen as carbonic acid. 

The diamond, although combustible, requires too high a heat 
for its combustion to enable us to burn it with the blowpipe. 
When excluded from the air, it may be heated to whiteness 
without undergoing fusion, but with the free access of air it 
bums at a temperature of 103° C, and is converted into car- 
bonic acid. If mixed with nitre, the potassa retains the car- 

8 
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bonic acid, and the carbon maj be thas easily estimated. If a 
mineral containing carbonic acid is heated, the gas escapes 
with effervescence, or a strong mineral acid as the hydrochloric 
will expel the acid with the characteristic effervescence. 

(4.) Phosphorus, Phosphoric Add (PO*). — ^This acid occurs 
in a variety of minerals, associated with yttria, copper, nraninm, 
iron, lead, manganese, etc. Phosphoric acid may be detected 
in minerals by porsning the following process: dip a small 
piece of the mineral in sulphuric acid, and place it in the plati- 
num tongs: this is heated at the point of the blue flame, when 
the outer flame will become colored of a greenish-blue hue. 
This color will not be mistaken for those of boracic acid, cop- 
per, or baryta. Some of the phosphoric minerals, when heated 
in the inner flame, will color the outer flame green. 

If alumina be present with the phosphoric acid, the following 
wet method should be adopted for the detection of the latter: 
the substance should be powdered in the agate mortar with a 
mixture of six parts of soda, and one and a half parts of silica. 
The entire mass should now be placed on charcoal, and melted 
in the flame of oxidation. The residue should be treated with 
boiling water, which dissolves the phosphate and the excess of 
carbonate of soda, while the silicate of alumina, with some of 
the soda, is left. The clear liquor is now treated with acetic 
acid, and heated over the spirit-lamp, and a small portion of 
crystallized nitrate of silver added; a lemon-yellow precipitate 
of phosphate of silver is quickly developed. Previous to the 
addition of the nitrate, the liquor should be well heated; other- 
wise, a white precipitate of dipyrophosphate of silver will be 
produced. 

If the examination be of any of the metallic phosphides, the 
substances should be powdered in the agate mortar, and fused 
with nitrate of potassa on the platinum wire; the fused mass 
should be treated with soda in the same manner as any sub- 
stance containing phosphoric acid. The metal and the phos- 
phorus are oxidized, while the phosphate of potassa is fused, 
and the metallic oxide separates. 
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(6.) Suijphwr (S). — Sulphur is found native in erjstals 
It is frequently found associated with lime, iron, silica, carbon, 
etc., and combined extensively with metals. 

The principal acid of sulphur (the sulphuric, SO*) occurs 
combined with the earths, the alkalies, and the metallic oxides. 
Native sulphur is recognized, when heated upon charcoal, 
by its odor (sulphurous acid) and the blue color of its flame. 
The compounds of sulphur may be detected by several methods. 
If the substance is heated in a glass tube, closed at one end, 
the yellow sublimate of sulphur will subside upon the cool por- 
tions of the tube; if the substance should also contain arsenic, 
the sublimate will present itself as a light brown incrustation, 
consisting of the sulphide of arsenic. 

K the assay is heated in the open glass tube, sulphurous acid 
will thus be generated; but, if the gas is too little to be de- 
tected by the smell, a strip of moistened litmus paper will indi- 
cate the presence of the acid. 

The assay will give off sulphurous fumes if heated in the 
flame of oxidation. 

K the powdered substance is fused with two parts of soda, 
and one part of borax, upon charcoal, the sulphide of sodium 
is formed. This salt, if moistened and applied to a polished 
silver surface, will blacken it. The borax serves no other pur- 
pose than to prevent the absorption of the formed sulphide of 
sodium by the charcoal. As selenium will blacken silver in the 
manner above indicated, the presence of this substance should 
be first ascertained, by heating the assay; when, if it be pre- 
sent, the characteristic horse-radish odor will reveal the fact. 

Sulphuric acid may be detected by fusing the substance with 
two parts of soda, and one part of borax, on charcoal, in the 
flame of reduction ; the mass must now be wetted with water, 
and placed in contstct with a surface of bright silver; when, if 
sulphuric acid be present, the silver will become blackened. 

Or the substance may be fused with silicate of soda in the 
flame of reduction. In this case, the soda combines with a por- 
tion of the sulphuric acid, which is then reduced to the sul- 
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pbide, while the bead becomes of an orange or red color, 
depending npon the amount of the sulphuric acid present. If 
the assay should, however, be colored, then the preyious treat- 
ment should be resorted to. 

(6.) Boron, Boradc Add (BO*). — This acid occurs in nature 
in several minerals combined with various bases, such as mag- 
nesia, lime, soda, alumina, etc. Combined with water, this 
acid exists in nature as the native boracic acid; this acid gives 
with test paper prepared from Brazil wood, when moistened 
with water, a characteristic reaction, for the paper becomes 
completely bleached. An alcohol solution turns curcuma test 
paper brown. Heated on charcoal, it fuses to a clear bead; 
but, if the sulphate of lime be present, the bead becomes opaque 
upon cooling. 

The following reaction is a certain one: the substance is 
pulverized and mixed with a flux of four and a half parts of 
bisulphate of potassa, and one part of pulverized fluoride of 
calcium. The whole is made into a paste with water, .and the 
assay is placed on the platinum wire, and submitted to the 
point of the blue flame. While the assay is melting, fluoboric 
gas is disengaged, which tinges the outer flame green. If but 
a small portion of boracic acid is present, the color will be quite 
evanescent. 

(1.) Silka, Silicic Add (SiO*). — This acid exists in the 
greatest plenty, forming no inconsiderable portion of the solid 
part of this earth. It exists nearly pure in crystallized quartz, 
chalcedony, cornelian, flint, etc., the coloring ingredients of 
these minerals being generally iron or manganese. 

With microcosmic saU, silica forms a bead in the flame of oxi- 
dation which, while hot, is clear, while the separated silica 
floats in it. A platinum wire is generally used for the purpose, 
the end of it being first dipped in the salt which is fused into a 
bead, after which the silica must be added, and then the bead 
submitted to the flame of oxidation. 

The silicates dissolve in soda but partially, and then with 
eflfervescence. If the oxygen of the acid be twice that of 
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the base, a clear bead will be obtained that will retain its 
transparency when cold. If the soda be added in small qnaou 
tity, the bead will then be opaque. In the first instance, a 
part of the base which separates is re-dissolred, and, therefore, 
the transparency of the glass; but, if too large a quantity oi 
the soda is added, the separatiou of the base is soffident to 
render the assay infusible. 

(8.) CMarine (CI). — Chlorine exists in nature always in 
c<Mnbination, as the chlorides of sodium, potassmm, calciom, 
ammonium, magnesia, silver, mercury, lead, copper, etc. 

The chlorine existing in metallic chlorides may be detected 
as follows: the wet way may be accomplished in the following 
manner. K the substance is insoluble, it must be melted with 
soda to render it soluble; if it be already soluble it must be 
dissolyed in pure water, and nitrate of silver added, when the 
one ten-thousandth part of chlorine will mAuifest its presence 
by Imparting a milky hue to the fluid. 

By the blowpipe, chlorine may be detected in the following 
manner: Oxide of copper is dissolved in microcosmic salt on 
the platinum wire in the flame of oxidation, and a clear bead is 
obtained. The substance containing the chlorine is now added, 
and heat is applied. The assay will soon be enveloped by a 
blue or purplish flame. As none of the acids that occur in the 
mineral kingdom give this reaction, chlorine cannot be con- 
founded with them, for those whidi impart a color to the flame, 
when mixed with a copper salt, will not do so when tested in 
the microcosmic salt bead as above indicated. 

K the assay is soluble in water, the following method may 
be followed: a small quantity of sulphate of copper or iron is 
dissolved;, a few drops of the solution is placed upon a hnght 
surface of silver, and the metallic chloride added; when, if 
chlorine is present, the silver is blackened. If the chloride is 
insoluble in water, it must be rendered soluble by fusion upon 
a platinum wire with soda, and then treated as above.'*' 

* Flattnor. 
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(9.) Bromine (fo). — The bromide of magnesium and sodium 
exists in many salt springs, and it is from these that the bro- 
mine of commerce is obtained. The metallic bromides give the 
same reactions on silver with the microcosmic bead and copper 
salt as the metallic chlorides. The purplish color which, how- 
ever, characterizes the chlorides, is more inclined to greenish 
with the bromides. If the substance be placed in a flask or 
glass tube, and fused with bisulphate of potassa, over the 
spirit-lamp, sulphurous gas and bromine will be eliminated. 
Bromine will be readily detected by its yellow color and its 
smell. Bromine may be readily detected by passing a current 
of chlorine through the fluid, after which ether is added and 
the whole is agitated. The ether rises to the top, carrying 
with it the bromine in solution ; after being withdrawn, this 
ether is mixed with potassa, by which the bromide and bromate 
of potassa are formed. The solution is evapor&ted to dryness, 
the residue is fused in a platinum vessel, the bromate is decompos- 
ed, while the bromide remains; this must be distilled with sul- 
phuric acid and the binoxide of manganese. A red or brown 
vapor will then appear, indicating the presence of bromine; this 
vapor will color starch paste — ^which may be put in the re- 
ceiver on purpose — of a deep orange color. 

If, to a solution containing a bromide, concentrated sulphuric 
or nitric acid be added, the bromine is liberated and colors the 
solution yellow or red. The hypochlorites act in the same 
manner. - The bromine salts are coming into use extensively in 
photography, in consequence of their greater sensitiveness to 
the action of light than the chlorides alone. 

(10.) loditie (I). — ^This element occurs in salt-springs, 
generally combined with sodium; it also exists in rock-salt; it 
has likewise been found in sea-water, also in a mineral from 
Mexico, in combination with silver, and in one from Silesia, in 
combination with zinc. As sea-water contains iodine, we would 
consequently expect to find it existing in the sea-weeds, and it 
\s generally from the ashes of these that it is obtained in com- 
• '•erce. 
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When the metallic iodides are fased with the microcosmic 
salt and copper, as previously indicated, they impart a green 
color to the flame. This color cannot be mistaken for the 
color imparted to the flame by copper alone. When the 
metallic iodides are fused in a glass tube, closed at one end, 
with the bisulphate of potassa, the vapor of iodine is liberated, 
and may be recognized by its characteristic color. Those min- 
eral waters containiug iodine can be treated the same as for 
bromine, as previously indicated, while the violet-colored vapor 
of the iodine can be easily discerned. The nitrate of silver is 
the best test for iodine, the yellow color of the iodide of silver 
being not easily mistaken, while its almost insolubility in am- 
monia will confirm its identity. The chloride of silver, on the 
contrary, dissolves in ammonia with the greatest facility. 

The reactions of iodine are similar to those of bromine with 
concentrated sulphuric acid and binoxide of manganese, and 
with nitric acid: The iodine is released and, if the quantity be 
not too great, colors the Uquid brown. If there be a consider- 
able quantity of iodine present, it is precipitated as a dark 
colored powder. Either of these, when heated, gives out the 
violet-color of the iodine. 

With starch paste free iodine combines, producing a de^p 
blue compound. If, however, the iodine be in very minute 
quantity, the color, instead of being blue, wiU be light violet 
or rose color. 

If to a solution of the sulphate of copper, to which a small 
portion of sulphurous acid has been added, a liquid containing 
iodine and bromine is poured in, a dirty, white precipitate of 
the subiodide of copper is produced, and the bromine remains 
in the solution. The latter may then be tested for the bromine 
by strong sulphuric acid. 

(11.) Fluorine (Fl). — This element exists combined with 
sodium, calcium, * lithium, aluminium, magnesium, yttrium, 
and cerium. Fluorine also exists in the enamel of the teeth, 
and in the bones of some animals. This element has a strong 
affinity for hydrogen, and, therefore, we find it frequently in 
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the form of hydroflaoric acid. Brazil-wood paper is the most 
delicate test for hydrofluoric acid, which it tinges of a light 
yellow color. Phosphoric acid likewise colors Brazil paper 
yellow, but as this acid is not volatile at a heat sufficient to 
examine hydrofluoric acid, there can be no mistake. If the 
substance is supposed to contain this acid, it should be placed 
on a slip of glass, and moistened with hydrochloric acid, when 
the test paper may be applied, and the characteristic yeUow 
color will indicate the presence of the fluorine. 

As hydrofluoric acid acts upon glass, this property may be 
used for its detection. The substance may be put into a glass 
tube, and sulphuric acid poured upon it in sufficient quantity 
to moisten it; a slight heat applied to the tube will develop 
the acid, which will act upon the glass of the tube. If the 
acid is retained in the mineral by a feeble affinity, and 
water be present, a piece of it may be put in the tube and 
heated, when the acid gas wiU be eliminated. The test paper 
will indicate its presence, even before it has time to act upon 
the glass: If the temperature be too high, fluosilicic acid is 
generated, and will form a sDidous incrustation upon the cool 
portion of the tube. 

If the fluorine is too minute to produce either of the above 
reactions, then the following process, recommended by Plattner, 
should be followed : the assay should be mixed with metaphos- 
phate of soda, formed by heating the microcosmic salt to doll 
redness. The mass must then be placed in an open glass tube, 
in such a position that there will be an access of hot air 
from the flame. . Thus aqueous hydrofluoric acid is formed, 
which can be recognized by its smell being more suffocating 
than chlorine, and also by the etching produced by the conden- 
sation of vapor in the tube. Moist Brazil paper, applied to 
the extremity of the tube, will be instantly colored yellow. 

Merlet's method for the detection of this acid is the follow- 
ing : * Pulverize the substance for examination, then triturate 

* Quoted by Plattner. 
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it to an impalpable powder, and mix it with an eqnal part of 
bisnlphate of potassa. Heat the mass gradnallj in a moderately 
wide test-tnbe. The judicious application of heat must be 
strictly observed, for if the operator first heats the part of the 
tube where the assay rests, the whole may be lost on account 
of the glass being shattered. The spirit-flame must be first 
applied to the fore part of the tube, and then made to recede 
slowly until it fuses the assay. After the mixture has been for 
some time kept in a molten state, the lamp must be withdrawn, 
and the part containing the assay severed with a file. The fore 
part of the tube must then be well washed, and afterwards 
dried with bibulous paper. Should the fluorine contained in 
the substance be appreciable, the glass tube, when held up to 
the light, will be found to have lost its transparency, and to be 
very rough to the touch. 

Great care should be observed not to allow this very corrosive 
'acid to come into contact with the skin, as an ulcer will be the 
consequence that will be extremely difficult to heal. 

When hydrofluoric acid comes in contact with any silicious 
substance, hydrofluosilicic acid gas is always formed. 

(12.) SdenivM (Se). — ^This element occurs in combination 
with lead as the selenide, and with copper as the selenide of 
copper. It exists also combined with cobalt and lead, as the 
selenide of these metals ; also as the selenide of lead and 
mercury. 

The smallest trace of selenium may be detected by igniting 
a small piece of charcoal in the flame of oxidation, when the 
peculiar and unmistakable odor of decayed horse-radish will 
indicate the presence of that element. An orange vapor is 
eliminated if the selenium be present in any quantity, while 
there is an incrustation around the assay of a grey color, with 
a metallic lustre. This incrustation frequently presents a red- 
dish-violet color at its exterior edges, often running into a deep 
blue. If a substance containing selenium be placed in a glass 
tube, closed at one end, and submitted to heat, the selenium is 
sublimed, with an orange-colored vapor, and with the charao- 

8* 
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teristic odor of that substance. Upon the cool portions of the 
tube a steel-grej sublimate is deposited, and, beyond that, can 
be discerned small crystals of selenic acid. If the mineral be 
the seleniferoos lead glance, snlphorons acid gas will be given 
off, and may be detected by the smell, or by a strip of moist- 
ened litmus paper. 

If arsenic is present, heating upon charcoal will quickly lead 
to the determination of the one from the other. 



TABULAB STATEMENT OF THE REACTIONS OF MINERALS BEFORE THE 

BLOWPIPE. 

In Part Third of this work, commencing at page 109, the 
student will find a sufficiently explicit description of the blow- 
pipe reactions of those principal substances that would be 
likely to come beneath his attention. The following tabular 
statement of those reactions — ^which we take from Scheerer 
and Blanford's excellent little work upon the blowpipe — ^will be 
of great benefit, as a vehicle for consultation, when the want 
of time~-or during the hurry of an examination — ^precludes the 
attentive perusal of the more lengthy descriptions in the text. 

In the examination of minerals, before the student avails 
himself of the aid of the blowpipe, he should not neglect to 
examine the specimen rigidly in relation to its physical charac- 
ters, such as its hardness, lustre, color, and peculiar crystalliza- 
tion. It is where the difference of two minerals cannot be 
distinguished by then: physical appearance, that the aid of the 
blowpipe comes in most significantly as an auxiliary. For 
instance, the two minerals molybdenite and graphite resemble 
each other very closely, when examined in regard to their 
physical appearance, but the blowpipe wiU quickly discriminate 
them, for if a small piece of the former mineral be placed in 
the flame of oxidation, a bright green color will be communi- 
cated to the flame beyond it, while in the latter there will be 
no color. Thus, in a very short time, these two minerals can 
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be distinguished from each other by aid of the blowpipe, while 
no amount of physical examination could determine that point. 
The blowpipe is equally an indispensable instrument in the 
determination of certain minerals which may exist in others as 
essential or non-essential constituents of them. For instance, 
should a minute quantity of manganese be present in a mineral, 
it must be fused with twice its bulk of a mixture of two parts 
of carbonate of soda, and one part of the nitrate of potassa, in 
the flame of oxidation upon platinum foil. The mauganate of 
soda thus formed will color the fused mass of a bluish-green 
tint* 

Or a slight quantity of arsenic may be discerned by the fol- 
lowing process recommended by Plattner : * one grain of the 
finely pulverized metal is mixed with six grains of nitrate of 
potassa, and slowly heated on the platinum spoon. By this 
means the metals are oxidized, while the arseniate of potassa is 
obtained. Then boil the fused mass in a small quantity of 
water in a porcelain vessel till all ^ the arseniate is dissolved. 
The metallic oxides are allowed to subside, and the above 
solution decanted off into another porcelain vessel. A few 
drops of sulphuric acid are added, and the solution boiled to 
expel the nitric acid, after which it is evaporated to dryness. 
In this operation, the sulphuric acid should be added only in 
sufficient quantity to drive off the nitric acid, or, at the utmost, 
to form a bisulphate with the excess of potassa. When dry, 
the salt thus obtained is pulverized in an agate mortar, and 
mixed with about three times its volume of oxalate of potassa, 
and a little charcoal powder. The mixture is introduced into 
a glass bulb having a narrow neck, and gently warmed over a 
spirit-lamp in order to drive off the moisture, which must be 
absorbed by a piece of blotting-paper in the neck of the bulb. 
After a short time, the temperature is increased to a low red 
heat, at which the arsenious acid is reduced and the metallic 
arsenic sublimed, and which re-condenses in the neck of the 

* Qaoted by Sche«r«r. 
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bulb. If there the arsenic be so small in quantity as to exhibit 
no metallic lustre, the neck of the bolb may be cut off with a 
fQe immediately above the sublimate, and the latter exposed to 
the flame of the blowpipe, when the arsenic is volatilized, and 
may be recognized by its garlic odor. 

If the presence of cadmiom is suspected in zino-blende, it may 
be detected by fusing a small piece of the blende upon charcoal 
in carbonate of soda. The peculiar bright yellow sublimate of 
the oxide of cadmium, if it be present, will not fail to indicate 
it. This incrustation can be easily distinguished from that of 
zinc. Thus, with the three illustrations we have given, the 
student will readily comprehend the great utility of the blow- 
pipe in the examination of minerals. 

Although the following tables were not arranged especially 
for the last part of this work, still this arrangement is so good 
that by their consultation the student will readily comprehend 
at a glance what requires some detail to explain, and we feel 
no hesitation in saying that, although they are not very copi- 
ous, they will not fail to impart a vast amount of information, 
if consulted with any degree of carefulness. 

The minerals given are such as are best known to English 
and American mineralogists under the names specified. For 
more detailed reactions than could be crowded into a table, the 
student will have to consult the particular substance as treated 
iu Fart Third. If this part is perused carefully previous to 
consulting the tables, these will be found eminently serviceable 
as a refresher of the memory, and may thus save much time 
and trouble. 

And, finally, we would certainly recommend the student, 
after he shall have gone through our little volume (if he is 
ambitious of making himself a thorough blowpipe analyst), to 
then take up the larger works of BerzeHus and Flattner, for 
our treatise pretends to nothing more than a humble Intro* 
duction to these more copious and scientific works. 
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MineraL 



Diftmond . . • . 



Graphite. 



Antiiraciie.. • 



Wallsend-coal 



Oaxmel-Goal . . 



Brown-coal • • 



Asphaltnni.. • 



Fonnnla. 



G with some 
iron, silica, etc. 



C+xfi 
and some ash. 



C,H,N,0,S 
and ash. 



0,H,N,0,S 
and ash. 



0,H,N,0,S 

ftTi d flyBh. 



0+H+O. 



BehaTior 



in glass-bulb. 



GteneraUj gives off 
water. 



ETolyes water. 



Intnmesces and 
gives off water and 
tarry matters which 
parUy condense in 
bulb, and leave a 
porous coke. 



As the preceding, 

but gives off more 

tar. 



Gives off much 
water and tar, and 
leaves a porous cin- 
der retaining the 
form of the original 
fragment. 

Fuses with ease 
affording an 



on platinum foil. 



In fine powder is 

slowly consumed 

without residue in 

a strong oxidizing 

flame. 

Is slowly consumed 

leaving more or 

less ash, principally 

Fe*0». 

Is slowly consumed 

with the exception 

of a small quantity 

of ash. 

Takes fire under 
blowpipe flame, and 
bums with a smoky 
flame, depositing 
much soot and leav- 
ing a porous cinder 
which bums slowly 
and leaves a small 
ash. 

Similar to the pre- 
ceding. If held to 

the lamp-flame, 
takes fire and burns 

for some seconds. 

Bums slowly and 
without flame, leav- 
ing some ash. 



Takes fire and 
bums with a bright 
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Continuation of page 181. 



Mineral. 



Asphaltum... 



£latorite . . . . 



Hachettine .. 



Ozokerite.... 



Formula. 



C+H+0. 



0+H. 



+ H. 



O + H. 






Amber. ..•■•• 



0+H + O. 



Behavior 



in glass-bulb. 



empyreumatic oil 
having an alkaline 
reaction, and com- 
bustible gases, and 
leaves a carbona- 
ceous residue, 

which is entirely 
consumed under the 
blowpipe flame, ex- 
cept a little ash. 

Fuses and gives off 
water having an 
aeid reaction, naph- 
tha and a tarry 
fluid, which chiefly 
condense in the 
neck of the bulb, 
and leave a light, 
pulverulent, carbo- 
naceous residue. 

Fuses to a clear co- 
lorless liquid, which 
solidifies on cooling 
and has a tallow- 
hke smell. 

Fuses readily to a 
clear brown oily 
fluid, which solidi- 
fies on cooling. 

Fuses with diffi- 
culty, and affords 
water, an empyreu- 
matic oil, and suc- 
cinic acid which 
condense in the 



on platinum foiL 



flame and a thiok 
smoke. 



Fuses, takes fire, 
and burns with a 
smoky flame, leav- 
ing a carbonaceous 
residue, which un- 
der the blowpipe 
flame, is quickly 
consumed, with tiie 
exception of the 
ashes. 

Fuses, takes fire, 
and bums with a 
bright flame until 
entirely consumed. 



As the preceding. 



Takes fire and bums 

with a yellow flame 

and a peculiar aro- 

maUc odor. 
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Continuatioii of page 182. 



MineraL 


Formula. 


Behayior 


in glass-bolb. 


on platinum foil 


Amber 

Mftllfte 


+ H + O. 
ilM«+16fl. 


neck of the bulb, 

leaving a shining 

bUck residue. 

Giyes off water. If 
heated to redness, 
is carbonized, and 
gives a slight em- 
pyreumatic odor. 


On oharcoal bums 
to a #hite ash, which 
moistened with ni- 
trate of cobalt and 
heated shows the 
alumina reaction. 
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POTASH. 



vr« 1 


Formula. 


Behavior 




MineraL 


(1) 
in glass-bulb. 


(2) 
in open tube. 


(8) 
on charcoaL 




Kitre 


frB+ftgS 

-|-20aS-f 2Tlr. 


Fuses readily 
to a clear li- 
quid and with 
a strong heat 
boils with the 
evolution of 
oxygen. 

Gives off 
water. 


/ 


Deflagrates 
leaving a sa- 
line mass, 
which is ab- 
sorbed into 
charcoal and 
gives a sul- 
phur reaction 
on silver. 

Fuses to a red- 
dish bead, 
which in the 
reducing flame 
solidifies and 
shrinks to a 
hollow crust. 

* 




Polyhalite .... 





t 
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Contaimatioii of page 184. 



Behavior 



in forcepe. 



On platinnm 

wire foses and 

colors l&e 

&tine Tiolet 

more or less 
modified by 

lime and soda. 



On platinimi 
inrefttses uid 

colore the 
flame yellow 
firom a small 

quantity of 
aoda. 



(«) 
in borax. 



Dissolyes with 
ebullition to a 
clear glass, 
which is 
slightly co- 
lored by iron, 
and when sa- 
turated be* 
comes opaque 
on cooling. 



in mic. salt 



0) 
with carb. soda. 



Aa in borax. 



Fuses. The 
alkalies are 
absorbed by 
the charcoal 
leaving the 
lime and mag- 
nesia infusible 
on the surface. 



(8) 

%>ecial 

reactions. 



With bisul- 

phate of pot- 

assa in the 

glass-bulb 

evolves 

nitrous fumes. 



The alkaline 
mass when 
laid on sUver 
gives a sul- 
phur reaction. 



l^^-.-^-^'--S 



i^-^^mi'^ N^^3 ^ 'iffi 'm\ 




Fiwes, is 

aorbed b; tie 
charcoal and 
partially Tola- 

ing the char- 
coal around. 

tnMee, and is 
absorbed into 
the pores of 

the charcoal. 



Fuses, and L 
absort>ed b; 
the charcoal. 



clear bead, 
then spreads 
out ; the soda 

absorbed 
and the lime 

left on the 
surface. Lajd 
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SODA. (Continuation of page 186.) 



Behavior 



(4) 
in forceps. 



Fuses with 
great ease and 

colors the 
flame yellow. 



Fuses and be- 
haves as the 
preceding. 



Deflagrates on 

platinum wire, 

coloring the 

flame yellow. 



Fuses and co- 
lors the flame 
yellow. 



Fuses easily 

to a clear 

glass, colore 

ing the flame 

yellow. 



(6) 
in borax. 



(6) 
in mic. salt. 



with carb. soda, 



Fuses easily 
and gives the 
lime reaction. 



As in borax. 



As alone on 
charcoaL 



(8) 

Special 

reactions. 



Gives the 
chlorine reac- 
tions. 



Dissolves in 
acids with 

violent effer- 
vescence. 

In a glass-bulb 

with bisul- 
phate of pot- 
assa, gives the 
NO*-reaction. 



Gives ^e 
SO'-reaction. 



As in the pre- 
ceding. 
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SODA. (Continaation of page 18'7.) 



HineraL 



Borax.. • . •. 



Cryolite < 



Formula. 



]SraB*+iofl. 



SNaFl+Al'Fl*. 



Behavior 



(1) 

in glaaa-bulb. 



Intumesces 
with the evo- 
lution of wa- 
ter, and under 
a strong heat 
fuses. 

Decrepitates 

slightly and 

gives a trace 

of water. 



(2) 
in open tube. 



If heated so 
that the flame 
be allowed to 

play up the 
tube upon the 
mineral, fluo- 
rine is evolv- 
ed, which cor- 
rodes the in- 
terior of the 
tube. 



(8) 
on charcoaL 



Intumesces 
and fuses to a 

clear bead 
more or less 

colored by 

impurities. 

Fuses to a lim- 
pid bead, which 
on cooling be- 
comes a white 

enamel If 

heated for 
some time, it 
bubbles, gives 

off fluorine 
and becomes 

infusible. 



J 
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SODA. (Continuation of page 188.) 







B e h a 


V i p 




(8) 
Special 














(4) 


(6) 


(6) 


0) 


reactions. 




in forceps. 


in borax. 


in mic salt 


with carb. soda. 






As on char^ 






Fuses to a 


Gtiyes the 




coal. 






clear bead, 
which be- 
comes crys- 
talline on 
cooling. 


boracic-acid- 
reaction. 




Fuses, color- 


Dissolves to a 


As in borax. 


Fuses to a 


If the alumina 




ing the flame 


clear bead, 




clear bead, 


residue ob- 




yellow. 


which is ren- 




then spreads 


tained be 






dered opaque 




out on the 


moistened with 






by a large 




charcoal, the 


cobalt solution 






addition. 


• 


. soda is ab- 
sorbed, and an 
infusible mass 
of alumina 
remains. 


and heated 

strongly, it 

assumes a 

beautiful blue 

color. 
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BARYTA AND STRONTIA. 



Mi^eraL 



HeavjHBpar . . . 



Gelestine 



Witherite .... 



Strontianite... 



Barytocalcite. . 



Formala. 



"baS. 



grS. 



&id. 



grC. 



Behavior 



(1) 

in glass-bulb. 



Sometimes 

decrepitates 

and gives off 

more or less 

water. 



fiaO -f- OaC. 



Decrepitates 

more or less 

and evolyes 

water. 



Becomes 
opaque. 



As the pre- 
ceding. 



(2) 
in open tube. 



(3) 
on charcoaL 



Fuses in the 

reducing 

dame. 



Fuses to a 

milk-white 

bead. 



Fuses, effer- 
vesces, and is 
partially ab- 
sorbed by the 
charcoaL 



As in the for- 
ceps. 



In powder 

frits together, 

but does not 

fuse.. 
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BARYTA AND STRONTIA. (Continuation of page 190) 



Behavior 



(4) 
in forceps. 



Fuses with 

difficulty on 

edges. Colors 

the outer fiame 

green. In the 

reducing flame 

forms BaS, 

which fuses 

readily. 



Colors the 
flame crimson. 



Colors the 

outer flame 

intensely 

green. 



Exfoliates 
and becomes 
arborescent. 
The filaments 
glow brilliantly 
and fuse on the 
point. Colors 
the flame bril- 
liantly crim- 
son. 

Colors the 

flame green in 

the centre and 

red towards 

the point. 



(S) 
in borax. 



Gives the 

baryta^reac- 

tion. 



Gives the 

strontia-reac' 

tion. 



Dissolves with 
pffervescence 
and gives the 
baryta-reac- 
tion. 



Resembles the 
preceding. 



Dissolves with 
effervescence. 
In large quan- 
tity gives a 
semi-crystal- 
line bead. 



(6) 
in mic. salt. 



As in borax. 



As in borax. 



As in borax. 



As in borax. 



As in borax, 
but the satu- 
rated bead is 
milk-white. 



with carb. soda. 



Fuses to a 
clear bead ; 
then spreads 
out and is ab- 
sorbed into 
the charcoal 

The fused 

mass laid on 

silver, gives 

the S-reac- 

tion. 

Similar to'the 
preceding. 



Fuses to a 
clear bead ; 
then spreads 
out and passes 
into the char- 
coal. 

As the pre- 
ceding. 



Fuses, and is 
4)artially ab- 
sorbed leaving 
the lime on 
the surface. 



(8) 

Special 

reactions. 



If fused with 
potassa on pla- 
tinum, gives 
the SO*-reao- 
tion. 



Similar to the 
preceding. 



In dilute HCl 

dissolves with 

much efifer- 

vescence. 



As the pre* 
ceding. 



As witherite. 



'M .5i'ill'lti:lfi''^ifr"- 

- _ _ s J^' m^- .. 




Id tlie reducing 
flame farms 

GaS, which has 
Ji olkaiiDe re 



phor-reactloa 
when laid on 
BOTec and 
moistened. 



Fuses to 
opsqae bead 
and emits a 
Btrong Bmell 
of atsenic 



manganese, 
and glowB 
brilliuitl;. 
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LIME. (Contmuation of page 192.) 





B e h a 


V i r 




(4) 


(6) 


(6) 


m 


in forceps. 


in borax. 


in mic. salt. 


with carb. soda. 


Fuses with 


Dissolves to a 


As in borax. 


• 
Behaves as 


difficulty to a 


clear bead. 




lime. The 


bead, coloring 


which gives 




alkaline mass 


the £ame red. 


the lime-reac- 


a 


laid on silver 




tion. 




and moistened 
gives the sul- 
phur-reaction. 


IV. 


Dissolves easily 


Gives the 


Is infusible. 


Previously 


and when in 


lime-reaction. 


The alkali is 


clipped in SO" 


some quantity 




absorbed, leav- 


colors the 


gives an opa- 




ing the lime 


flame green, 


line bead. 




on the surface 


afterwards 






of the char- 


red. 






coal. 


Fuses to a 


Dissolves 


As in borax. 


Fuses, and 


translucent 


readily to a 




emits As. The 


violet colored 


bead strongly 




alkali is then 


bead, the color 


colored by 




absorbed by 


being due to 


cobalt, which 




the charcoal, 


cobalt. Colors 


obscures the 




as in the pre- 


the flame blue 


lime-reaction. 




ceding. 


at first, then 








faintly red. 








Glows bril- 


Dissolves with 


As in borax. 


Fuses, and be- 


liantly, color- 


evolution of 




haves as other 


ing the flame 


CO' and when 




limewaalts. 


red. Becomes 


pure gives the 






caustic and 


lime- reaction. 






shows a strong 


The bead is 






alkaline reac- 


generally more 






tion. 


or less colored 

by iron and 

manganese. 


» 





(8) 

Special 

reactions. 



Gives the 
sulphuric- 
acid-reaction. 



With micro- 
cosmic salt and 
oxide of cop- 
per, gives the 
chlorine-reac- 
tion. With 
microcosmic 
salt in the open 
tube evolve 
fluorine. 



Dissolves with 

eflfervescence 

in cold HCl. 



194 



Behaviob of Minbbalb 



LIME. (Continuation of page 193.) 



Mineral 


Formula. 


Behayior 




(1) 

in glass-bulb. 


(2) 
in open tube. 


(8) 
on charcoal. 




Fluorspar 


GaFL 


Phosphoresces 
with various 
colors, when 
heated in the 
dark. Some- 
times decre- 
pitates and 
gives a trace 
of water. Be- 
comes opales- 
cent. 




Fuses easily to 

a clear bead, 

which becomes 

opaque on 
cooling, then 
loses fluorine, 
glows brilli- 
antly and be- 
comes infusi- 
ble. 
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LIME. (Continuation of page 194.) 



BehaTior 



(4) 
in forceps. 



As on chaiv 
coal. Colors 
the flame red. 



(6) 
in borax. 



Giyes the 
lime-reaction. 



(«) 

in mic. salt 



As in borax. 



with carb. soda. 



Fuses to a 
clear bead, 
opaque on 
cooling. With 
an adStion of 
the alkali be- 
hayes as lime. 



(8) 

Special 

reactions. 



With micro- 
cosmic salt in 
open tube gires 
the fluorine- 
reaction. 
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MAGNESIA. 



MineraL 



Brucite 



Epsomite. 



Boradte 



Magnesite • • • • 



Behavior 



Formula. 



Sg^ 



agS+va 



]StgB«+2]SlgB 



(1) 

in glasB-bulb. 



Eyolyes water. 



Evolves water 

having an 
acid reaction 
on test paper. 



AgO. 



Occasionallj 

gives off a 

trace of 

water. 



(2) 
in open tube. 



Sometimes 

gives off a 

small quantity 

of water. 



(8) 
on chareoaL 



Gives off HO 
and SO*, shines 
brilliantly, and 
becomes alka- 
line and caus- 
tic. 



Fuses with 

intumescence 

to a white 

crystalline 

bead. 



Is infusible. 
With cobalt- 
solution, as- 
sumes a dusky 
flesh tint. 
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MAGNESIA. (OontiiiTiatioii of page 196.) 



Behavior 



(4) 
in forceps. 



V. 



V. 

As on char- 
coal. 



I. 

As on char- 

coaL Colors 

the flame 

green. 



(6) 
in borax. 



Behayes as 

magnesia. 

Sometimes 

gives a faint 

iron-reaction. 

Behaves as 
magnesia. 



Fuses easily to 
a clear bead, 
which is crys- 
talline, when 

containing 
much of the 
mineral, and 

is usually 

slightly tinted 

by iron. 



Behaves as 

magnesia. 

Sometimes 

gives a slight 

iron-reaction. 



(«) 

inmic salt. 



VJ) 

with carb. soda. 



As IB borax. 



As in borax. 



As in borax. 



As in borax. 



Behaves as 
magnesia. 



The alkali is 
absorbed leav- 
ing the mag- 
nesia on the 
surface of the 

charcoal. 
Gives the sul- 
phur-reaction 

on silver. 



With a small 
quantity of al- 
kali fuses to 
a clear bead 
crystalline on 
cooling. With 
a larger quan- 
tity gives a 
clear uncrys- 
tallizable 
bead. 

Fuses to a 
bead, the soda 
is then ab- 
sorbed, leaving 
an infusible 
mass of mag- 
nesia. 



(8) 

Special 

reactions. 



With nitrate 
of cobalt, gives 
the magnesia- 
reaction. 



The magne- 
sian residue 
obtained on 
treating with 
carbonate of 
soda (7), as- 
sumes a flesh- 
tint, when 
treated with 
cobalt. 



The magne- 
sian residue 
obtained by 
fusing with 
carbonate of 
soda gives the 

magnesian- 
reaction with 

nitrate of 
cobalt. Dis- 
solves with 
effervescence 
in warm HCl. 



K^- .Riiiii:|:i'*!lff»|'" 



•W«»S*8f|i™' 



J^KEUiliteifltllStarO 



&%«;®*i: 




W 






Bbfobb the Blowfipb 



199 



MAGNESIA. (Continnation of page 198.) 



(4) 
in forceps. 



V. 



Behayior 



(6) 
in borax. 



Gives the 
iron and 
manganese- 
reaction. 



(«) 

in mic. salt. 



Ab in borax. 



0) 

with carb. soda. 



As magnesite, 
but the resi- 
dual mass has 
a dark color 
from iron and 
manganese. 



(8) 

Special 

reactions. 



Dissolves with 
effervescence 
in warm HGL 
With carbo- 
nate of soda 
and nitre gives 
a manganese- 
reaction. 
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ALUMINA. 



MineraL 



"Sapphire ) 
Corundum >• • . 
Emery ; 



Websterite . • . 



Native Alum. • 



Turquoise . • • • 



Behayio^ 



Formula. 



SL 



213+9:0. 



(1) 

in glass-bulb. 



+ 24H. 



Xl*1? + 5fL 



Gires off water, 

and, when 
heated to inci- 
pient redness, 
sulphurous 
acid. 



(2) 
in open tube. 



Intumesces 
greatly and 
gives off much 
water. Strong- 
ly heated, 
evolves SO*, 
which reddens 
litmus. 



Evolves water, 

occasionally 

decrepitates 

and turns 

black. 



(8) 
on charcoal. 



Gives off wa- 
ter and S0«, 
leaving an in- 
fusible mass. 



Intumesces 

and becomes 

infusible. 



Turns brown, 

but remains 

infusible. 
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. ALT7MINA. (ContiDaation of page 200.) 



Behavior 



(4) 
in forceps. 



V. 



y. 

Colors the 

flame yiolet 

if a potassa 

alum — yellow 

if soda — ^be 

present 



V. 

As on char- 
coal Colors 

the outer 
flame green. 



(8) 
in borax. 



In fine powder 

dissolyes 
slowly to a 
. colorless 
glass. 



Behaves as 
alumina. 



Dissolves and 
gives the iron 

and manga^ 
nese reaction, 
if these oxides 

be present. 
Otherwise the 
bead is color- 
less. 



In the oxidiz- 
ing flame, gives 
a green bead, 
due to copper 
and iron. In 
reducing flame, 
opaque red: 



(6) 
inmic salt 



Asinbonuc. 



As in borax. 



As in borax. 



As in borax. 



with carb. soda. 



(8) 

Special 

reactions. 



Tlelds an in- 
fusible mass, 
which laid on 
silver and 
moistened, 
produces a 
black stain. 



The alkali is 
absorbed into 
the charcoal, 
leaving an in- 
fusible mass, 
which gives 
the sulphur 
reaction on 
silver. 



. Intumesces, 
then fuses to 
a semi-clear 
glass colored 
by iron. With 
more alkali, 
yields an in- 
fusible mass. 



In fine pow- 
der moistened 
with cobalt- 
solution and 
heated as- 
sumes a blue 
color. 



Fused with 
potassa in pla- 
tinum has no 
action on sil- 
ver. Cobalt- 
solution pro- 
duces the alu- 
mina reaction. 



If not contain- 
ing much iron 
or manganese, 
jgives an allu- 
mina reaction ^ 
with nitrate 
of cobalt. In 
other respects 
as the preced- 
ing. 



Gives the 
phosphoric- 
acid reaction. 



9* 
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ALUMINA. (Continuation of page 201.) 



MineraL 


Formula. 


Behayior 

• 




(1) 
in glass-bulb. 


(2) 
in open tube. 


(8) 
on charcoaL 




WavelUte 

Spinel 


AlF«+8(il*P» 
4-18fi.) 


Evolves water 
and some fluo- 
rine, which at- 
tacks the glasa 




Exfoliates and 
turns white. 
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ALUMINA. (Continuation of page 202.) 





Behavior 


(8) 

Special 

reactions. 




in forceps. 


(6) 
in borax. 


(6) 
in mic. salt. 


with carb. soda. 




V. 

As on char- 
coal. Colors 

the outer 

flame green, 

especially if 

moistened 

with S0«. 


As alumina. 

Generally gives 

also a slight 

iron reaction. 


As in borax. 


Forms an in- 
fusible white 


With cobalt- 
solution on 
charcoal gives 
the alumina 
reaction. 




V. 


Gives a slight 
iron reaction. 


As in borax. 


Fuses partially 
and forms a 
porous mass. 


With nitrate 
of cobalt givoe-. 
tiie alumina 

reaction. 

With nitre 

and carbonat<' 

of soda a sligln 










1 


manganese 
reaction. 
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SILICATES. 

The presence of silica in a mineral can easily be ascertained 
by treating a small fragment in a bead of microcosmic salt. 
The bases will dissolVe ont with more or less difficoltj in the 
salt, and the silica being insoluble will remain suspended in the 
bead, retaining the original form of the fragment. In borax, 
the silicates of lime and magnesia generally dissolve with con- 
siderable ease, but those of alumina slowly and with difficulty. 
The silicates of lime are moreover frequently characterized by 
intumescence or ebullition, when heated in the forceps in the 
blowpipe flame. The minerals presenting this character are 
marked in the table. As the most convenient mode of classi- 
fying the silicates for blowpipe examination, the following 
arrangement will be adopted : 

TABLE I.— ANHYDROUS SILICATES. 
TABLE II.— HYDROUS SILICATES. 

FUSIBILITY. 

I. Readily fxtsible to a bead. 

n. With diJGSculty fusible to a bead. 

III. Readily fustble on the edges. 

lY. With difficulty fusible on the edges. 

V. Infusible. 

a. Afford a fluid bead with carbonate of soda. 

b. Afford a fluid bead with but little of that salt, but with 

a larger quantity a slaggy mass. 
0. Afford a slaggy mass only. 

This classification of minerals, according to their fusibility 
and their behavior with carbonate of soda, was originally 
proposed by BerzdiuSy and a table of the principal oxidized 
minerals arranged according to these characters is given in his 
handbook of the blowpipe, and thence adopted, with some 
alterations by Plattner, in the very excellent and detailed work 
already many times cited. In the following general table I., 
the more important silicates only are included, and in table II. 
are enumerated in alphabetical order those which afford cha- 
racteristic reactions. 
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TABLE 1. 

• 

AnhydrouB Silicates.. 




Fus. alone 
and with 

^aO. 


MineraL 


Formula. 




La. 


Axinite -j 

Elaolite 


(OaS[g)»(BSi)»+(il3Pelln)* ) 
(SiB) f 
(i^a)» Si + 8?tlHi 
fe»Si + fiSi 
^aSi+afcl5i« 
(6affa)»5i« + 23tlSi 
(ti*ra)»Si« + 4XlSi* 
As Hornblende 
(Oafigie^eliiln)" Si« 
(Oai'e)' Si + 2(3tlf e»n)Si 
(OaSlgJ'e)* + (Siil)" 
Sra« Si + SilSi + NaCl 
8(0a]Slg)»Si4-2(*l'ie)3i 
tSi + 4(*H9e)Si 

(Ma)« Si + SilSi + JTaSi 
(tllffi)*Si» 

(OaSrafi:)5i + (*l3Pe)Si 
(KNaL)F+(*l?e)5i*f 
iSi + 3tlSi« 

]&aSi4-*l9i" 

&»Si» 

(OalJIgi'e)* Si» 

(Oa]ilg)» 5i« 

2(6a]ftgSrafe)Bi + (aaf e)Si 

An Augite , 

(Oalig)* Si» 

(OaAg^e)* Si + ftlSi + mOr t 


Int. 
Int 




Garnet .•• 






Olisroclase 






ScaDolite ....■...*•• 


Int. 




Snodumene ......... 


Int. 


b. 


Asbestos toil 

Angite some var 

Epidote to ill 

Hornblende some var. 

SodaUte to III 

VpsTivian .......... 


Int. 
Int. 
Int. 
Int. 

Int. 


0. 

■ 


Biaxial Mica to III... 
Hauvne. 




n. a. 


Tourmaline to V. ... . 

Labradorite \ 

Lenidolite. ..•.....• 


Int. 


, 


Byacolite 






Albite 




b. 


Augite some var. .... 
Actinolite 


Int 




DioD£dde 






HumboltiUte 

Sahlite 






Tremolite 




ft 


Pvronei 
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Fas. alone 
and with 

ffaO. 

m. a. 



b. 



o. 

IV. a. 

b. 

0. 

V. a. 
b. 

c. 



MineraL 



Anorthite 

Nepheline 

Obsidian 

Orthoclase 

Petalite 

Pumice • • 

GadoUnitetoY. 

Nephrite 

Wollastonite 

loUte 

Beryl 

Biallage 

Hypersthene 

Fuchsite 

Leucite 

Chondrodite 

Oliyine 

Andalnaite 

Chrysoberyl 

Eaynite 

Pycnite | 

Topaz ) 

Zircon 

Staurolite 



Formula. 

(CaSgSafi:)' Si + 3(ilPe)5i 
(Nafi:ea)«Si + 2Sl§i 
Si,£l,Pe,^,Ca]$ra£ 
(]^a)gi + ilSi» 
(tiJra)»gi* + 4ftlSi* 
Si,Xl,Ca,£,Sa,fi[ 

(tCeLateCa)' Si 
(Oa]Si[gJ'e)*Si«f 
Ca» Si' 
(figS'e)»Si« + 83fclSi 

BeSi' + XlSiJ 
(CaftgJ'e)' (Siil)* 
(ftgi'ej'Si" 
(fi:»Si)* + 9CXier)»Si« 

fi?Si« + 5l5i« 
(lilg,MgF)* (SiSiF) 
(]fl[gi^eOa)»Si 
(3tlFe)» Si« 
Be + Xl 
Xl»Si« 

6Sl« Si*+(8XlF»+2SiF»j 

2rSi 
(SlFe)*Si 



Int. 



Int. 



Int. 
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Hydrous Silicates. 



F118. alone 
and with 

STaO. 


MineraL 


Formula. 




La. 


« 

AnftlciTnA. .......... 


Sa»5i«+3Sl5i«+6fl 
(^KF) (5i,Siij'*)+ eCa! i+16fl 
(SrSa)Si + 3tl5i» + 6fl 
(ea,]Sra,:fe)« gi»+ 85l5i* + 18fl 
gi,S,3tl,5'e,Ca,]§fa,fl 
Ca»Si''+83klgi« + 12fl 
(S^aCa)gi + *]gi + 8fi 
]SraSi+*lSi + 2fl 
Ca'gi+atlSi + S 
Cagi+*lgi + 8S 
(Ca]5ra)»gi + 83fclgi+7H 
2(3a»gi + B»gi« + 8S 
Oagi+aUgi' + Sfl 
Oagi + 3tlgi« + 6fl 
0a»gi* + 6fl 
(6affa)*gi»+fi 
2]S[g» gi« + *lHi + 10 or 6fi 

8(CaS:)gi + 6Xlgi + 16fi[ 

6agi + %lS« + 6fl 
SaSi + 3fclgi + 2S 

fe»gi + figi + (fl?) 

gi,*l,5'e,fig]5ra,ifi 
]Sl[g«gi» + 2^ 

8(]8rgi'e)» gi -HiiFe)* 5i + Ol 

gi^ilJ'eAftg^fl 


Int 




Apophyllite 

Brewsterite 

Ghabasite 


Int 
Int. 
Tnt 




Lapis Lazuli 

Laumonite 


Int. 




Mesotype •• . . . 


Int 




Natrolite 


InL 




Prehnite 

Scolezite 

Thomflonite 

Datholite 

Heulandite 


Int. 
Int. 
Int. 
Int. 
Int. 


b. 


Stilbite 

Okenite 


Int. 
Int. 




Pectolite 




C 


ft 

Saponite 




XL a. 
b. 


Antrimolite 

Harmatome 

Brevicite 






Orthite 


Int. 


TTL A 


Fitchstone 




• 


Talc to V. 

Chlorite 






Finite 
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Fuel alone 
and with 

:SraO. 



IV. a. 
c 



V. a. 



MineraL 

Steatite 

Gilbertite 

Meerschaum. ., 
Serpentine . . • , 

Gismondine . . . 



Formula. 



A^ Si* + 4^ 
3i,3tl,i^e,S[g,fl . 

SgSi + fi: 

Ag'Bi^ + efl: 



Int 
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TABLE II. 



Analcime.. . 



Andalusite. • 

Apophyllite. 
Axinite .... 



Bexyl 



Chabasite... 
Ghondrodite 



Chrysoberyl. 

Datholite . • . 
DiaUage. . > . 
Fuchsite.... 

Gadolinite . . 



Haayne • . . . 



Hypenrthene 
Kyanite . . . . 



If transparent becomes white and opaqne when heated, but 
on incipient fusion resumes its transparency and then 
fuses to a clear glasa 

When powdered and treated with cobalt solution on char' 
eoai, assomefl a blue color. 

Fuses to a frothy white glass. 

Imparts a green color to the blowpipe flame, owing to the 
presence of boracic acid. This reaction is especially dis- 
tinct, if the mineral be previously mixed with fluorspar 
and bisulphate of potassa. 

Sometimes gives a chromium reaction in borax and mibro- 
cosmic salt 

Fuses to a white enameL 

Evolyes fluorine in the glass tube, both when heated alone 
and with microcosmic salt. It sometimes also ^yes off a 
trace of water. 

Is unattacked by carbonate of soda. With nitrate of 
cobalt on charcoal the finely powdered mineral assumes a 
blue color. 

Puses to a clear glass and colors the flame green. 

Frequently gives off water in small quantity. 

Gives the chromium reaction with borax and microcosmio 
salt. 

That from Hitteroe, if heated in a partially covered plati- 
num spoon to low redness, glows suddenly and bril- 
liantly. 

Affords the sulphur reaction both on charcoal and when 
fused with potassa. It contains both sulphur and sul- 
phuric acid. 

As Diallage. 

As Andalusite. 
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Lapis Lazuli 

Laamonite . . 
LepidoHte... 

Lencite . . . . 
Meerschaum 



Okenite..... 
Olivine 

Peotolite.... 

Petalite 

Prehoite ... 
Pjcnite 

Pyrope 

Scolecite. . . . 
Scapolite . . . 



Dooalite . • • • 



Fuses to a white glass, and when treated with carbonate of 
soda on charcoal, gives the sulphur reaction on silver. 

When strongly heated, exfoliates and curls up. 

Colors the blowpipe flame crimson, from lithia ; also gives 
the fluorine reaction with microcosmic salt. 

Some varieties, when treated with cobalt solution, assume a 
blue color. 

In the glass bulb frequently blackens and evolves an empy- 
reumatio odor due to organic matter. When this is 
burnt off, it again becomes white, and if moistened with 
nitrate of cobalt solution and heated, assumes a pink 
color. 

Behaves as Apophyllite. 

Some varieties give off fluorine, when fiuned with mloro- 
cosmio salt. 

^milar to Apophyllite. 

Imparts a slight crimson color to the flame, like Lepidolite. 

As Chabaedte. 

Assumes a blue color, when treated with nitrate of cobalt. 
Gives the fluorine reaction with microcosmic salt. 

Gives the chromium reaction with borax and microoosmio 
salt. 

Similar to Laumonite, but more marked. 

Occasionally contains a small quantity of lithia, and colors 
the flame red when fused with fluorspar and bisulphate 
of potassa. 

If mixed with one-fifth its volume of oxide of copper, 
moistened to make the mixture cohere, and a small por- 
tion placed upon charcoal and heated with the blue oxi- 
dizing flame, the outer flame will be colored intenaelj 
blue from chloride of copper. 
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Spodumene 

StUbite.... 

Topaz 

Tourmaline 

Wonastonite 
Zircon .... 



When not too strongly heated, colors the blowpipe flame 
red, when more strongly, yellow. 

As Chabasite. 

When heated, remaina clear. Otherwise as Pycnite. 

Gives the boracic acid reaction with flonispar and biBul- 
phate of potassa. 

Colors the blowpipe flame faintly red from lime. 

The colored yarieties become white or colorless and trans- 
parent, when heated. Is only slightly attacked by car- 
bonate of soda. 
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U B A N I U M . 



MineraL 



Pitchblende... 



IJramiim ochre 



XJranite 



Ohaloolite •••• 



Formula. 



eesentiallj. 



SfiP. 



+ 83. 



+ 8£L 



Beharior 



(1) 
in glaas-bulb. 



Evolves some 

water and a 

small quantity 

of sulphur, 

sulphide of 

arsenic and 

metallic 

arsenic 



Evolves water 

and assumes a 

red color. 



Evolves water 

and becomei^ 

yellow and 

opaque. 



Asuranite. 



(2) 
in open tube. 



Evolves SO" 

and a white 

sublimate of 

arsenious acid. 



(8) 
on charcoaL 



Gives off arse- 
nical fumes. 



V. 

In reducing 
flame assumes 
a green color. 

Fuses with in- 
tumescence to 
a black bead 
having a semi- 
crystalline 
surface. 

As uranite. 
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IJRANIUH: (Gontmaatioii of p. 212.) 



Behayior 



(*) 

in forceps. 



m. 

Colors the 
flame blue be- 
yond the assay, 
owing to the 
presence of Pb. 
Sometimes also 
green towards 
the point, due 
to Go. 



Asnranite. 



(6) 
in borax. 



The roasted 

mineral affords 

the uranium 

reaction. 



Oives the 

uranium 
reaction. 



Gives the 
uranium 
reaction. 



In the oxidiz- 
ing flame gives 
a green bead, 
which in the 
reducing flame 
becomes of an 
opaque red, 
from Ci;. 



(6) 
inmic. salt 



As borax. 

Also a small 

residue of 

silica. 



Ab in borax. 



As in borax. 



As in borax. 



0) 
with carb. soda 



Infusible. Af- 
fords the cha- 
racteristic Pb 
incrustation, 
and sometimes 
yields minute 
particles of Cu. 



Forms an in- 
fusible yellon 



In reducing 

flame yields a 

metallic bead 

of Cu. 



(8) 

Special 

reactions. 



Giyes the PO* 
reaction. 



Ab oranite. 



>• 
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IRON. 



HineraL 



Iron pyrites.. 



Magnetio ) 
pyrites J * * 



Mispickel, 



Magnetio 
iron ore 



\- 



Formula. 



FeS". 



iQ*9e. 



F^As+FeS^. 



Specular iron. . 
Red haematite. 



Fe»0*. 



\ 



Fe«0». 



Behavior 



(1) 

in glass-bulb. 



Gives a con- 
siderable yel- 
low sublimate 

of sulphur, 
and sometimes 

sulphide of 
arsenic. Also 

Ha 



A red subli- 
mate of AsS^ 
is first formed 
and then a 
black subli- 
mate of metal- 
lic arsenic. 



(2) 
in open tube. 



Sulphurous 
acid and some- 
times arse- 
nious acid 
are evolved. 



Evolves sul- 
phurous acid. 



Sulphurous and 
arsenious acids 
are evolved, 
the latter 
forming a 
white subli- 
mate. 



(3) 
on charcoal 



Gives off some 
sulphur, which 
burns with a 
blue flame. 
Residue fuses 
to a magnetic 
bead. 



Fuses to a 
magnetic bead 
black on the 
sur&ce, and 
with a yellow 
shining frao- 
ture. 

Gives off much 
arsenic form- 
ing a white 
incrustation 
and fuses to 
a magnetic 
globule. 
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IRON. (Continuation of page 214.) 



Behayior 



(4) 
in forceps. 



In the bine 
flame, fuses 
on edges and 
remains mag- 
netic. 

V. 

In the blue 
flame is con- 
verted into 
Fe»0*, and 
then behaves 
as the pre- 
ceding. 



(6) 
in borax. 



The roasted 

mineral gives 

a strong iron 

reaction. 



As iron pyrites. 



As iron pyrites. 



Gives the iron 
reaction. 



As magnetic 
iron ore. 



(6) 
inmic salt 



As in borax. 



As in borax. 



As in borax. 



with carb. soda. 



Fuses to a 
black mass, 
which spreads 
out on char- 
coal and gives 
the sulphur 
reaction on 
silver. 

As iron pyrites. 



Asironpyrit^. 



As in borax. 



As in borax. 



(8) 

Special 

reactions. 
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IRON. (Continuation of 


page 215*) 






Formula. 


B e h a Y i ] 


• 


HineraL 


(1) 

in ghiss-bulb. 


(2) 
in open tube. 


(8) 
oncharcoaL 


Gothite 


3Pefi. 


Evolyes water. 


— 


— 


Fi^nViinitA , - . 


(i'e^n&n) 
(felffn). 


« 




Forms a white 
incrustation 

on the char- 
coal, which 
moistened 
with cobalt 
solution as- 


m 


J 








sumes a green 
color. 


Ilmenite 


Si and 9e. 




' 




Chromic Iron • 


if/6t. 


— 


i 

f 

i 


( 


Lieyrite 


8(*eCa)»a 
+2PeSL 


* 

Occasionally 

gives off some 

water and 

turns black. 


i 


Fuses to a 

black globule, 

which iu the 

reducing flame 

becomes 

magnetic. 


Ohioropal • . . . 


FeSi* + 8a.. 


Decrepitates 

more or less, 

gives off much 

water and 

turns black. 


' ' 
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IKON. (Continuation of page 216-) 



Behavior 



(4) 
in forceps. 



As specular 
iron. 

V. 

In the blue 
flame fuses 

on edges 
and becomes 

magnetic. 



(6) 
in borax. 



V. 

In reducing 
flame fuses on 
edges and be- 
comes mag- 
netic. 



As the pre- 
ceding. 



I. 

In reducing 

flame is 

magnetic. 



V. 

Loses color 

and turns 

black. 



As specular 
iron. 

Gives the iron 
and manga- 
nese reaction. 



Gives the iron 
reaction. 



Dissolves 

slowly and 

gives the 

chromium 

reaction. 



Gives the iron 
reaction. 



(6) 
in mic salt. 



As in borax. 



As in borax. 



with carb. soda. 



In oxidizing 
flame exhibits 
the iron reac- 
tion. In re- 
ducing flame 
assumes a deep 
brownish red 
color. 

As in borax. 



Affords a con- 
siderable white 
incrustation of 
ZnO. 



(8) 

Special 

reactions. 



Gives the iron 
reaction. 



Gives the iron 
and silica re- 
actions. 



Gives the iron 
and silica re- 
actions. 



10 



On platinum 
foil with nitre 
and carbonate 
of soda affords 
a yellow mass 

of chromate 
of potassa. 

• Fuses to a 
black opaque 
bead. 



Fuses to a 
transparent 
green glass. 



Gives a strong 
manganese 
reaction with 
nitre and car- 
bonate of soda. 



Generally gives 
the manganese 
reaction with 
nitre and car- 
bonate of soda. 
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IRON. (Continuation of page 217.) 



Mineral 



Green earth . . 



Siderite 



Copperas 



Vivianite 



Formula. 



Behavior 



Si,*'e,Sl,]sra, 
k,]^, etc. 



JeO. 



fe^+l-A. 



*e»P + 8S. 



(1) 
in glasfi-bulb. 



Gives off water 

and becomes 

darker in 

color. 



Occasionally 

decrepitates. 

Gives off CO' 

and turns 

black and 

magnetic. 



(2) 
in open tube. 



(3) 
on cbarcoaL 



Gives off wa- 
ter, and, when 
strongly heat- 
ed, SO" and 
S0», which 
redden litmus 
paper. 



Evolves water 

and S0», 

which may be 

recognized by 

its odor. 



As in glass 
bulb. 



Loses water 
and SO', and 
is converted 

into ¥e. 



Gives off 
water. 



Froths up and 
then fuses to 
a grey metal- 
lic bead. 
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IRON. (Continuation of page 218.) 



Behavior 



(4) 
in forceps. 



V. 

In reducing 
flame fuses on 
edges and co- 
lors the outer 

flame yellow 
(^a) or violet 

(fi:). 



Behaves simi- 
larly to the 
magnetic 
oxide. 



Gives off H 
and SO*, and 
then behaves 
as the magne- 
tic oxide. 



As on char- 
coal. Singes 
flame green 



(6) 
in borax. 



As the pre- 
ceding. 



Gives the iron 

and sometimes 

manganese 

reaction. 



The roasted 
mineral affords 
an iron reac- 
tion. 



(6) 
in mic. salt. 



As the pre- 
ceding. 



As in borax. 



As in borax. 



Gives the iron 
reaction. 



As in borax. 



with carb. soda. 



Forms a 
slaggy mass. 



Behaves as an 
oxide. With 
nitre and car- 
bonate of soda 
on platinuin 
generally gives 
the manganese 
reaction. 



Forms sul- 
phide of so- 
dium and 
oxide of iron. 
The former is 
absorbed into 
the charcoal, 
and if cut out 
and laid upon 
silver and 
moistened 
gives the 
S reaction. 



In reducing 

flame becomes 

magnetic and 

fuses to a 

black slaggy 

mass. 



(8) 

Special 

reactions. 



In acid dis- 
solves with 
effervescence. 



If dissolved in 
water, and a 
strip of silver- 
foil be intro- 
duced into the 

solution, the 
metal remains 

imtamished. 
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Behayios of Minerals 





IKON. ( 


[Continuation of page 219.) 




1^ 


MineraL 


Formula. 


Behavior 




(1) 

in glass-bulb. 


(2) 
in open tube. 


(3) 
on charcoal 




Iriphyline 

Scorodite 

Cube ore 


(i'6lirntii)«1?. 

9eXA+4a. 
+ lStL 


Gives oflf wa- 
ter, having an 
alkaline reac- 
tion, and as- 
sumes a me- 
tallic lustre 
resembling 
graphite. 

Evolves water. 

Evolves much 
water. 


Gives oflf water 
and AsO'. 

As the pre- 
ceding. 


Fuses readily 
to a black 
magnetic bead 
with a metal- 
lic lustre. 

Emits arseni- 
cal fume and 
in the reduc- 
ing flame 
fuses to a 
magnetic mass 
having a me- 
tallic lustre. 

As the pre- 
ceding. 





Before the Blowpipe. 
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iron. (Continuation of page 220.) 





Behavior 


(8) 

Special 

reactions. 




in forceps. 


m borax. 


(6) 
in mic. salt. 


(7) 
with carb. soda. 


• 


I. 

On platinum 

wire colors the 

flame crimson 

(Li) and green 

(P), towards 

the point fuses 

to a black 

magnetic 

bead. 


Gives the iron 

and manganese 

reactions. 


Gives the iron 

reaction which 

overpowers 

that of the 

manganese. 


Forms an in- 
fusible porous 
masS) which 
under the re- 
ducing flame 
becomes mag- 
netic. 


Gives the 

manganese 

reaction with 

nitre and car^ 

bonate of soda 

on platinum 

foil. 




I. 

As on char^ 

coal. Colors 

the outer flame 

blue. 

• 


The roasted 
mineral gives 
an iron reac- 
tion. 


As in borax. 


As alone on 
charcoal 


Gives the arse- 
nic reactions. 




Aa the pre- 
ceding. 


As the pre- 
ceding. 


Aa in borax. 


As the pre- 
ceding. 


As the pre- 
ceding. 
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Behayiob of Minebals 



MANGANESE. 



Mineral. 



Manganblende 



Formula. 



MnS. 



Pyrolufiite . . . . 



Manganite... . 
Psilomelane... 



Wad 



Behavior 



(1) 

iu glass-bulb. 



Sbu 



(]&a.Oa,]S[g,fe) 

]ttn+:ft. 



&ii,lE[n,£[, 

also 

f?e,£l,l^a,Cu, 

I*b,Si, etc. 



Frequently 

giycs off a 

Binall quantity 

of water and, 

when strongly 

heated, oxygen. 

Gives off much 
water. 

Gives off water 
and, when 

strongly heat- 
ed, oxygen. 



Gives off 
water. 



(2) 
in open tube. 



Gives off SO' 

and becomes 

greyish green 

on surface. 



(S) 
on charcoaL 



Is slowly roast- 
ed and con- 
verted into 
oxide. 



Befobe tjie Blowpipe. 



09 'I 



MANGANESE. (Continuation of page 222.) 



■^"g'*^M— IWlOl 



Behavior 



in forceps. 



V. 



V. 



V. 

Exfoliates 
slightly. 

V. 

Colors flame 
faintly green 
(bti) and red 
towards the 
point (Ca). 

V. 

Colors flame 
variously ac- 
cording to its 
composition. 



(6) 
in borax. 



The roasted 
mineral gives 
a strong man- 
ganese reac- 
tion. 



Gives the 

manganese 

reaction. 



As the pre- 
ceding. 

As pyrolusite. 



Gives the 
manganese 
reaction, more 
or less modi- 
fied by the 
presence of 
other oxides. 



(6) 
in mic. salt. 



In the un- 
roasted state, 
. dissolves with 
much ebulli- 
tion and de- 
tonation due 
to the elimi- 
nation of sul- 
phide of phos- 
phorus. The 
bead then ex- 
hibits the 
characteristic 
violet color of 
manganese. 

As in borax. 



As in borax. 
As in borax. 



As in borax. 



(7) 
with carb. soda. 



Forms a slaggy 

mass, which 

laid on silver 

and moistened, 
gives the sul- 
phur reaction. 



Forms a 
slaggy mass. 



As the pre- 
ceding. 

As pyrolusite. 



As pyrolusite. 



(8) 

Special 

reactions. 



Various ac- 
cording to 

composition. 
When strongly 

heated and 
then moistened 
l^as an alkalin( 
reaction on red 

litmus paper. 
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Behavior of Minbbals 



MANGANESE. (Continuation of page 228.) 





Formula. 


Behavior 




Mineral 


(1) 

in glass-bulb. 


(2) 
in open tube. 


(8) 
on charcoaL 




Rhodonite... . 
Diallogite .... 
TripKte 

• 


fiji*Si\ 

TJTnO. 

(fini'e)* 1^. 


Gives off more 
or less water. 

Frequently 

decrepitates 

and gives off 

more or less 

water. 

Generally gives 

off more or 

less water. 




Under a strong 

flame fuses to a 

brown opaque 

bead. 

If strongly 
heated and 

moistened has 

an alkaline 

reaction on 

litmus paper 

due to the 

presence of Ca. 





Sbfobe the Blowpipe. 
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manganese. (CoDtinoation of page 224.) 



Behavior 



(4) 
in forceps. 



As 



n. 

on char^ 
ooaL 



V. 

Frequently 

colors Ibe 

flame slightlj 

red. 



(5) 
inbonx. 



In tbe oxidiz- 
ing flame gives 
the manganese 
reaction. In 
reducing flame 
the iron reac- 
tion more or 
less intense. 

Gives the 
manganese 
and iron reac- 
tions. 



(6) 
in rale saH. 



As in borax, 
but leaves an 
insoluble sili- 
ceous skeleton. 



with carb. soda. 



I. 

Colors the 

outer blowpipe 

flame green 



Gives the 
manganese 
and iron reac- 
tions. 



As in borax. 



With a small 
quantity of the 
alkali fuses to 
a black bead. 
With a larger 
quantity forms 
a slag. 



Forms an in- 
fusible filag. 



(8) 

Special 

reactions. 



In warm acid 

dissolves with 

much eifer- 

vescence. 



As in borax. 



Forms an in- 
fusible mass. 



10* 
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Behaviob of Minebals 



NICKEL AND COBALT. 



Mmerite 



Go^ieniickeL.. 



Eommlft. 



MiSL 



Behayior 



(1) 

in gbafr^nlb. 



M?A£. 



Smaltine 



CoAb. 



GireBoff a 
little AflO*: 



(2) 
in open tnbe. 



EvoiTes SO*. 



Gives off much 

AsO*and 
some SO' and 
taHa to powder. 



When strongly 
heated gene- 
rally eyolyes 
metallic 
arsenic. 



Giyes a crys- 
talline subli- 
mate of AsO'. 
Also some SO". 



(8) 
on charcoal. 



Fuses with 
much ebulli- 
tion to a mag- 
netic bead. 



Fuses to a 
magnetic bead, 
with the evo- 
lution of arse- 
nic, which 
colors the 
flame blue. 



Gives off fumes 
of arsenic, and 
fuses to a dark 
grey magnetic 

bead, very 
brittle, colors 

flame blue. 



Before the Blowpipe. 
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NICKEL AND COBALT. (Continuation of page 226.) 



Behavior 



(4) 
in forceps. 



(6) 
in borax. 



. The roasted 
mineral gives 
a nickel reac- 
tion, slightly 
modified by 
small quanti- 
ties of iron 
and copper. 



The arsenical 
bead obtained 
by fusing the 
mineral on 
charcoal, if 
fused upon 
the same sup- 
port with 
borax succes- 
sively added 
and removed, 
gives firstly an 
iron reaction, 
then cobalt if 
present, and 
lastly nickel. 



As the pre- 
cediug, but the 
cobalt being in 
large excess 
requires some 
time for its 
perfect oxida- 
tion, before 
the nickel re- 
action is ex- 
hibited. 



(6) 
in mic. salt. 



As in borax. 



If the residual 
bead which 
has been 
treated with 
borax be fur- 
ther treated 
with microcos- 
mic salt, the 
nickel reaction 
will be obtain- 
ed and some- 
times a slight 
copper reac- 
tion. 



Gives the co- 
balt reaction, 
and after the 
cobalt has 
been removed, 
that of nickeL 



0) 

with carb. soda. 



Fuses to a 
slaggy mass, 
which on sil- 
ver gives the 
sulphur reac- 
tion. 



(8) 

Special 

reactions. 



Affords a sub* 
Umate of me- 
tallic arsenic 
when treated 
with cyanide 
of potassium. 



As the pre' 
ceding. 
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Behavior of Mihterals 



NICKEL AND COBALT. (Continuation of page 22*7.) 



Mineral. 



Glance cobalt 



Nickel glance 



Ulmannite. . . 



Formula. 



CoS* + CoAjb. 



Behavior 



(1) 
in glass-bulb. 



NiS« + NiAs. 



Cobalt pyrites 



Emerald nickel 



NiS» + Ni 
(AsSb)». 



(6o]Srii'e) 

n» m i»» 

(6oNiFe). 



Si«0 + 6fi. 



Decrepitates 
and gives an 
orange color- 
ed sublimate 
of AsS». 



Gives a slight 
white subli- 
mate of SbO» 
and more or 
less AsS'. 

When strongly 

heated gives 

off sulphur 

and becomes 

brown. 



(2) 
in open tube. 



As the pre- 
ceding, but 
gives off more 
SO*. 



As the pre- 
. ceding. 



Gives off much 
water and 
turns black. 



Gives off thick 
fumes of SbO' 
and SbO* with 
AsO» and SO''. 



Gives off much 

SO* and a 

small quantity 

of AsO*. 



(3) 
on charcoal. 



Gives off S 
and As, and 

fuses to a 

magnetic 

bead. Colors 

flame blue. 

As the pre- 
ceding. 



As glance co- 
balt, but ac- 
companied by 
dense fumes 
of SbO*. 

In the reduc- 
ing flame small 
fragments fuse 
with the evo- 
lution of sul- 
phur to a mag- 
netic bead 
having a 
bronze colored 
fracture. 



Bbfokb the Blowpipe. 
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KICKEL AND COBALT. (Continoation of p. 288.) 



(4) 
in forceps. 



Behavior 



(6) 
in borax. 



Gives a cobalt 

and slight iron 

reaction when 

treated as the 

preceding 

njinerals. 

As copper 
nickel 



(6) 
in mic. salt. 



As in borax. 



As copper 
nickel. 



Gives the 

nickel reaction, 

occasionally 

somewhat 

obscured by 

cobalt. 

As the pre- 
ceding. 



0) 

with carb. soda. 



In the oxidiz- 
ing flame on 
charcoal gives 
a violet colored 
glass. In the 
reducing flame 
the nickel is re- 
duced and may 
be collected in 
a gold bead. 
When the nic- 
kel is removed, 
the glass exhi- 
bits a sUght 
iron reaction 
while warm. 

Dissolves with 
much efferves- 
cence and gives 
the nickel re- 
action. 



As in borax, 
but the reduc- 
tion of the 
nickel is more 
difficult than 
in the latter 
flux. 



As in borax 



Gives a sul- 
phur reaction 
of silver. 



(8) 

Special 

reactions. 



As the pre- 
ceding. 



As the pre- 
ceding. 



As glance 
cobalt. 



Forms a 
slaggy mass. 



As the pre- 
ceding. 



As copper 
nickel. 



As copper nic- 
kel generally, 
but arsenic is 
not always 
present. 

As copper 
nickel, but the 
amount of ar- 
senic is usual- 
ly very smalL 



In warm dilute 

HCl dissolves 

with much 

effervescence. 



^ 
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Behayios of Minerals 



NICKEL AND COBALT. (Continuation of page 229.) 





Formula. 


Behavior 




Mineral 


(1) 

in glass-bulb. 


(2) 
in open tube. 


(3) 
on charcoal. 




Cobalt bloom.. 

• 

Earthy oobalt. 


Co«lfl-f.8fl. 

• 

fin,0o,0ii, 
J'eyH.etc 


Gives off 
water 

Gives off 
water. 


— 


Evolves arse- 
nical fumes 
and in the 
reducing flame 
fuses to a dark 
grey bead of 
arsenide of 
cobalt. 

Emits a slight 
smell of arse- 
nic, but does 
not fuse. 





Befobe the Blowpipe, 
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NICKEL AND COBALT. (Continuation of page 230.) 



Behavior 



(4) 
in forceps. 



In the point 

of the blue 

flame fuses 

and colors the 

outer flame 

blue (As). 



Colors the 
flame blue. 



(5) 
in borax. 



Gives the co- 
balt reaction. 



In oxidizing 
flame gives 
the cobalt re- 
action which 
obscures those 
of Mn,Ou, etc. 
In reducing 
flame occa- 
sionally gives 
the (ju reac- 
tion. 



(6) 
in mic. salt. 



As in borax. 



As in borax. 
If a saturated 
bead be treat- 
ed on char- 
coal with tin 
in the reduc- 
ing flame for 
a few seconds, 
the Cu reac- 
tion is some- 
times obtained. 



with carb. soda. 



Forms an in- 
fusible mass. 



(8) 

Special 

reactions. 



Gives off 

arsenic with 

cyanide of 

potassium in 

glass tube. 



With carbo- 
nate of soda 
and nitre on 
platinum foil, 
gives a strong 
manganese 
reaction. 
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Behaviob of Minebalb 



ZINC. 



Mineral. 



Zincblende . . . 



Formula. 



Behavior 



(1) 

in glass-bulb. 



ZnS. 



Red oxide of 
zinc 



Electric cala- 
mine 



2n. 



Decrepitates 
strongly. 



(2) 
in open tube. 



Evolves SO 
and becomes 
white or yel- 
low if contain- 
ing iron. 



22n"Si + 8fiL 



Calamine 



ZnO. 



Gives off water 
and becomes 
white and 
• opaque. 



Gives off 00* 

and becomes 

opaque. 



(3) 
on charcoaL 






V. 
In the reduc- 
ing flame 
incrusts the 
charcoal with 
ZnO; also 
with CdO, if 
that metal be 
present. 



In the reduc- 
ing flame 
forms a thin 
incrustation 
of oxide of 
zinc on the 
charcoal. 



As the red 

oxide. Some- 
times also 

gives a cad- 
mium and 

lead incrusta- 
tion. 



Befobe the Blowpipe. 
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ZING. (Continuation of page 282.) 







Behavior 




(8) 
Special 














(4) 


(6) 


(6) 


(7) 


reactions. 




in forceps 


in borax. 


in mic. salt. 


with carb. soda. 






— 


The roasted 
mineral gives 


As in borax. 


As alone on 
charcoal 


— 




• 


a zinc reaction, 
and sometimes 
a slight iron- 
reaction. 




Moreover co- 
lors the flame 
blue. The 
fused alkali 
gives a S reac- 
tion on silver. 






V. 


Generally gives 


Aa in borax. 


On charcoal, 


With carbo- 






a manganese 




forms a thick 


nate of soda 






and slight 




incrustation 


and nitre on 






iron reaction 




of ZnO. 


platinum foil 






in addition to 






gives a man- 






that of zinc. 






ganese reac- 
tion. 




V. 


Dissolves to 


Dissolves to a 


With carbo- 








a clear glass, 


clear glass, 


nate of soda 








which cannot 


which becomes 


alone is infu- 








be rendered 


opaque on 


sible. With 2 


- 






opaque by the 


cooting. Silica 


parts of alkali 








intennittent 


remains in- 


and 1 of borax 








flame. 


soluble. 


fuses to a glass 

and sets free 

2<n, which 

incrusts the 

charcoal 


» 




V. 


Gives a zinc 


As in borax. 


Forms a thick 


Dissolves with 






reaction and 




incrustation 


much efferves- 






frequently an 




of zinc, some- 


cence in cold 






iron and man- 


t 


times also of 


acid. 






ganese reac- 




l*b and Co. 








tion. 




• 
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Behatios of Minerals 



BISMUTH. 



HineraL 



Katire biamnth 



Bianratliiiie •• • 



Bismntihbleiide 



Formula. 



BL 



BiS. 



Bi«Si«. 



Behayior 



(1) 

in glaas-bnlb. 



Turns yellow 
and, when 

strongly heat- 
ed, fuses. 



(2) 
in open tube. 



Fuses and is 
converted into 
a yellow oxide. 



Fuses with 

ebullition and 

gives off S and 

SO*. 



.(3) 
on charcoaL 



Fuses to a 
bead and in- 

crusts the 

charcoal with 

oxide. 

Fuses with 
much spirting 
and in the re- 
ducing flame 

yields a me- 
tallic bead and 

incrusts the 

charcoal, with 

oxide. 

Fuses with 

ebullition to a 

brown globule 

forming an 

incrustation 

of Si on the 

charcoal. 



Before the Blowpipe. 
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BISMUTH. (Continuation of page 234.) 



Behavior 



(4) 
in forceps. 



I. 

Puses with 
ease to a yel- 
low bead, co- 
loring the 
outer flame 
bluish green, 
especially if 
moistened 
with HOI. 
This color is 
due to 1^. 



(6) 
in borax. 



The oxide 
formed upon 
charcoal gives 
the bismuth 

reactions. 

The oxide ob- 
tained upon 

charcoal gives 

the bismuth 

reactions. 



Gives .the bis- 
muth and also 
an iron reac- 
tion. 



(6) 
in mic. salt. 



As in borax. 



As in borax. 



As in borax, 
but leaves a 
silicious ske- 
leton. 



with carb. soda. 



As alone on 
charcoaL The 
fused alkali 
gives the sul- 
phur reaction 
on silver. 



Fuses to a 
yellow mass. 
The bismuth 
is then reduced 
to the metal- 
lic state and 
partially vola- 
tilized, incrust- 
ing the char- 
coal beyond. 



(8) 

Special 

reactions. 
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Bbhaviob of Minerals 



BISMUTH. (Oontinuatioii of page 2S5.) 



Mineral. 



Formula. 



Tetradymite . • 



Bi,Te,S. 



Behavior 



(1) 
in glass-bulb. 



Occasionally 

decrepitates 

and then fuses, 

forming a 
greyish white 
sublimate im> 
mediately 
above the 
mineral frag- 
ment 



(2) 
in open tube. 



Fuses and 
gives oflF white 
fumes, part of 
which pass up 
the tube and 
part deposit 
immediately 
above the 
mineral. This 
latter if heated 
fuses to clear 
drops (TeO*). 
The mineral re- 
sidue becomes 
surrounded by 
fused Bi, cha- 
racterized by 
its yellow 
color. 



(8) 
on charcoal 



Fuses to a 
metallic bead, 
colors the 
outer flame 
bluish green 
(Te and Se) 
and incrusts 
the charcoal 
around with 
the orange Si, 
beyond which 
is a white in- 
crustation part- 
ly consisting 
of Te. 



Befobe the Blowpipe. 
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BISMUTH. (Contmiiation of page 286.) 



Beharior 



in forceps. 



(6) 
in borax. 



The yellow 
oxide obtained 
upon charcoal 
gives the bis- 
muth reaction, 
and the white 
incrustation 
that of bis- 
muth and tel- 
luric acid. 



(6) 
in mic salt. 



As in borax. 



0) 

with carb. soda, 



In the reducing 
flame yields a 
bead of me- 
tallic bismuth, 
part of which 
Is with part of 
the tellurium 
volatilized and 
incrusts the 
charcoal 
around. 



(8) 

Special 

reactions. 



The fused alka- 
line mass gives 
the sulphur 
reaction on 
silver. Also 
gives the tellu- 
* rium reaction 
with charcoal 
and carbonate 
of soda. 
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Bbhaviob of Minkbalb 



LEAD. 



MineraL 



Galena, 



Glausthalite... 



Jamosonite . • • 



Formula. 



PbS. 



PbSe. 



]^b»'gb'. 



Behavior 



(1) 

in glass-bulb. 



Generally de- 
crepitates and 

gives off a 

small quantity 

of sulphur. 



Decrepitates 
slightly. 



Fuses and gives 
off some sul- 
phur, sulphide 
of antimony 
and antimony 
which con- 
dense in the 
neck of the 
bulb.' 



(2) 
in open tube. 



Gives off S0», 

and when 
strongly heat- 
ed, a white 
sublimate of 

l*b,5. 



Forms a sub- 
limate of se- 
lenium, which 
id grey when 
thickly depo- 
sited, and red 
when thin. 



Fuses and 

emits dense 

white fumes of 

SbO^ which 

pass off and 

redden blue 

litmus paper. 



(8) 
on charcoal. 



Fuses and is 
reduced afford- 
ing a bead of 
metallic lead, 
and forming 
an incrustation 
of PbO on the 
charcoaL Co- 
lors the outer 
flame blue. 

Gives off fumes 
smelling 

strongly of 
selenium and 
coloring the 

flame blue. 
In the reduc- 
ing flame fuses 
partially and 

incrusts the 
charcoal with 
Se and PbO. 

After some 
time a black 
infusible mass 
alone remains. 

Fuses with 

great ease 

evolving much 

SbO» and PbO, 

which incrusts 

the charcoal 

around the 

mineral. When 

the fumes have 

ceased, a small 

bead of me* 

tallic lead 

remains. 




Befobe the Blowpipe. 
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LEAD. (Continuation of page 238.) 



(4) 
in forceps. 



Behavior 



(6) 
in borax. 



The oxide 
formed upon 
charcoal gives 
the lead reac- 
tion. 



The infusible 
residue obtain- 
ed upon char- 
coal gives an 
iron and some- 
times copper 
and cobalt re- 
action. 



The yellow 

incrustation 

formed upon 

charcoal gives 

the reaction of 

lead, and the 

white those of 

antimony. 



(6) 
in mic. salt. 



As in borax. 



As in borax. 



As in borax. 



(•7) 
with carb. soda. 



As alone on 
charcoal. The 
fused alkali 
gives a sul- 
phur reaction 
on silver. 



With carbonate 
of soda, or ox- 
alate of potash 
yields a metal- 
lic bead, the 
fused alkali 
laid upon sil- 
ver and mois- 
tened produces 
a stain similar 
to that pro- 
duced by sul- 
phur. 



As alone on 
charcoal. The 
fused alkali 
gives the sul- 
phur reaction 
on silver. 



(8) 

Special 
reactions. 
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BsHATiOK OF Mi:arssAi.8 



LEAD. ^CocniimdoQ of page 239.) 



•»*- - -■» 1 




BehsTior 




1 


(1) (2) 


(8) 




1 

1 




in g^Mobnlb. ■ in open tube. 


oncharcoaL 






PttW. 






is reduced first 

to litharge 

(PbO) and then 

to metallic lead 

which forms 

the usual in- 




• 








crustation. 




Maidijite •••• 


Fba+2PbO. 


Deerepitaies 

sligfatl J and 

asBomes a 

yellow odor. 




Fuses readily 
and is reduced 

to metallic 
lead with the 

evolution of 

add fum<s8. 
Forms a white 

incrustation 

of PbCl, and 

a yellow one 

of PbO. 




Genuhe 


»ba 


Decrefntates, 

giTcsoffCO*, 

tarns yellow, 

and fuses. 




Is reduced to 
metallic lead, 
incrusting the 

charcoal 

around with 

PbO. 




Angleaite 


^bS. 


Decrepitates 
and giyes off 
a small quan- 
tity of water. 


• 


In the oxidiz- 
ing flame fuses 
to a clear bead, 
which becomes 
opaque on 
cooling. In 
reducing flame 
is reduced 
with much 
ebullition to 
a metallic bead 
and incrusts 
the charcoal 
around with 












PbO. 
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(4) 
in forceps. 



Colors the 

outer flame 

blue. 



\ 



As the pre- 
ceding. 



As the pre- 
ceding. 



LEAD. (Continuation of page 5S40.) 



Behayior 



(6) 
in borax. 



Giyes the lead 
reactions. 



As the pre- 
ceding. 



As the pre- 
ceding. 



Giyes the lead 
reaction. 



Giyes the lead 

reaction and 

occasionally a 

slight iron and 

manganese 

reaction. 



(«) 

in mic. salt. 



with carb. soda. 



(8) 

Special 

reactions. 



As in borax. 



As alone on 
charcoaL 



As in borax. 



As alone on 
charcoaL 



Giyes thd chlo- 
rine reaction 
with CuO and 
microcosmio 
salt. 



As in borax. 



As in borax. 



As alone on 
charcoal. 



Is reduced 
yielding a 
metallic lead 
bead. The 
fused alkaline 
mass gives a 
sulphur reac- 
tion on silyer. 



In nitric acid 

dissolves with 

much effer^ 

yescence. 



11 
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BeuAVIOB of MlNBBALfi 


\ 






LEAD. (Continuation of page 241.) 




Formula. 


Behavior 




Mineral 














(1) 


(2) 


(8) 






« 


in glass-bulb. 


in open tube. 


on charcoal. 




Pyromorphite 


Pb01 + 8l>b«R 


Decrepitates, 
and when 
strongly heat- 
ed for some 
time, gives a 

slight white 




In oxidizing 

flame fuses to 

a bead having 

a crystalline 

surface on 

cooling, and 




• 




sublimate of 




forms a thin 








Pba 


» 


film of PbOl 
on the char- 
coal In re- 
ducing flame 
fuses without 
reduction and 
on cooling as- 
sumes a poly- 
hedral form. 
Incrusts the 

charcoal 

slightly with 

PbO. 




Mimetene . . . 


Pb01-f.3l*b»Sfl. 


As the pre- 
ceding. 




Fuses, but less 
easily than the 

preceding, 
gives off AsO' 
and incrusts 
the charcoal 
with PbOL 
Finally is re- 
duced to a 
metallic bead 
and forms an 
incrustation 
of PbO. 
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LEAD. (Continuation of page 242.) 



Beharior 



(4) • 
in forceps. 



Fuses and co- 
lors the flame 
blue. 



As the pre- 
ceding. 



(6) 
in borax. 



(6) 
in mic. salt. 



with carb. soda. 



Is reduced 

yielding a 

metallic bead 

and incrusting 

the charcoal 

with PbO. 



(8) 

Special 

reactions. 



Giyes the chlo* 
line reaction 
with microcoa- 
mic salt and 
CuO. Also the 

phosphoric 
acid reactions. 



The oxide 
formed on 
charcoal gives 
the lead reac- 
tions. 



As in borax. 



As the pre- 
ceding. 



Giyes the chlo- 
rine reaction. 



2U 



Bbhayiob of Minebalb 



LEAD. (Continuation of page 243) 



MineraL 



Vanadinite • . . 



GroooiBite • • • 



Molybdate of 
lead , 



Formula. 



Pba+3l*b» V ? 



l^bOr. 



tb% 



Behayior 



(1) . 
in glass-bulb. 



As pyromor- 
phite. 



Decrepitates 

yiolentij and 

Illumes a dark 

color. 



Ab iiie pre- 
ceding. 



(2) 
in open tub& 



(8) 
on charcoaL 



The powdered 
mineral fuses 

to a black 
shining mass, 
which in the 
reducing flame 
affords a me- 
tallic bead. 
Incrusts the 
charcoal first 
with a white 
film of PbCl 
and afterwards 
with PbO. 



Fuses and de- 
tonates, yield- 
ing C*0* and 
metallic lead, 
and forming 
an incrustation 
of PbO on the 
charcoaL' 



Fuses and is 
partiy absorb- 
ed into the 
charcoal leay- 
ing a globule 

of metallic 
lead, which is 
partially oxi- 
dized and in- 
crusts the 
charcoal.* 



Before the Blowpipe. 
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LEAD. (Continuation of page 244.) 



Behayior 



in forceps. 



As pyromor- 
phite. 



As pyromor- 
phite. 



As pyromor- 
phite. 



(6) 
in borax. 



BissolTes rea- 
dily to a clear 
glass, which, 
in the oxidiz- 
ing flame, is 
yellow whUe 
hot, and color- 
less when cold. 
In reducing 
flame becomes 
opaque, and on 
cooling green. 



Dissolves rea- 
dily and colors 
the glass yel- 
low tirhile 
warm, and 
green when 
cold. 
(See Chromium 
reaction.) 



Dissolves rea- 
dily and gives 
the molybdena 
reaction* 



(6) 
in mic. salt. 



In oxidizing 
flame is yellow 
while hot, be- 
coming paler 
on cooUng. 
In reducing 
flame brown 
while warm, 
and emerald 
green when 
cold. 



Ab in borax. 



As in borax. 



C) 

with carb. soda, 



On platinum 
wire fuses to 
a yellow bead, 
which is crys- 

tallioe on 

cooling. On 

charcoal yields 

a button of 

metallic lead. 



On platinum 
foil gives a 
dark yellow 
mass, which 
becomes paler 
on cooling. 
On charcoal 
yields a me- 
tallic button. 



Yields metallic 
lead. 



(8) 

Special 

reactions. 



With micro- 
cosmic salt and 
CuO, gives the 
chlorine reac- 
tion. If fused 
in a platinum 

spoon with 
from 8 to 4 
times its vo- 
lume of &,S' 

it forms a 
fluid yellow 
mass having 
an orange co- 
lor when cold. 

Treated as 
above with 

£:,S' forms a 
violet colored 
mass, which 
on soUdifying 
becomes red- 
dish and on 
cooling pale 
grey. 

Fused as above 

with t,5« 
forms a yellow 

mass, which 
becomes white 
on cooling. If 

this be dis- 
solved in water 

and a piece 
of zinc intro- 
duced into the 

solution, the 
latter becomes 
. blue. 
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Behayiob of Minebals 



LEAD. (Continnation of page 245.) 



• 




Behavior 




MineraL 


Formubi. 






(1) 


(2) 


(S) 








in glasR-bulb. 


in open tube. 


on charcoaL 




Scheeletine... 


PbW. 


Decrepitates 


_ 


Fuses to a 








more or less. 


■ 


bead incrust- 

ing the char- 
coal with PbO. 

The bead on 
cooling is crys- 
talline and has 

a dark metal- 










i lie surface. 
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LEAD. (Continuation of page 246.) 



(4) 
in forceps. 



As pyromoi> 
phite. 



Behavior 



(5) 
in borax. 



Dissolves to a 

clear colorless 

glass, which in 

the reducing 

flame becomes 

yellow, and on 

cooling grey 

and opaque. 



(6) 
in mic. salt. 



Dissolves to a 
clear colorless 
glass, which in 
the reducing 
flame assumes 
a dusky blue 
color. After a 
•time becomes 
opaque. 



{1} 

with carb. soda. 



As the pre- 
ceding. 



(8) 

Special 

reactions. 



With carbo- 
nate of soda 
and nitre gives 
the manganese 
reaction. 
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BSHATIOK OF MlHBRALS 



COPPER. 



ICineraL 


Formula. 


• 

B e h s T i r 


(1) 


(2) 


(8) 






in dafls-balb. 


in open tube. 


on charcoaL 


• 

NatiTe copper 


• 






Fuses to a 
brilliant me- 
tallic bead, 
which on cool- 
ing becomes 
covered with 
a coating of 
black oxide. 


Yitreons cop- 


OA 




Evolves S0» 


Fuses to a 


pef 


■ 




and, when pul- 
verized and 
gently heated 
for some time 


bead, which 
spirts consi- 
derably and 








gives off SO*. 








is converted 


When pulver- 








into CuO. 


ized and gently 
roasted, is con- 




• 






verted into 
CuO. 


Copper pyrites 


^c^e. 


Decrepitates, 


Evolves SO* 


Fuses readily 






sometimes 


and is finally 


with much 






gives a subli- 


converted into 


ebullition and 






mate of sulphur 


a dark red 


is magnetic 






and becomes 


mixture of 


on cooling. 






bronze colored 


Fe«0» and 




' 




on the surface. 


CuO. 
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COPPER (Continuation of page 248.) 



Behayior 



(4) 
in forceps. 



Fuses and co- 
lors the outer 
flame blue. 



(<S) 
in borax. 



In the oxidiz- 
ing flame dis- 
solves and then 
gives the cop- 
per reactions. 



The roasted 
mineral gives 
the copper re- 

actioD, and 

sometimes 

also a slight 

iron-reaction. 



As the pre- 
ceding ; but 
when the cop- 
per has been 
removed by 
reducing on 
charcoal, the 
bead shows a 
strong iron 
color. 



(6) 
in mic salt 



As in borax. 



As in borax. 



As the pre- 
ceding, but 
the color in 
the oxidizing 
flame is green, 
owing to the 
presence of 
iron. 



(f) 

with carb. soda. 



(8) 

Special 

reactions. 



In the reduc- 
ing flame is 
decomposed, 
forming NaS 
and metallic 
copper. If the 
former be cut 
out and laid 
upon silver, it 
gives the sul- 
phur reaction. 



Yields a bead 
of metallic 
copper and 
some magnetic 
oxide of iron, 
which remains 
on the char- 
coal. The 
fused alkali 
gives a sul- 
phur reaction 
on silver. 



11* 
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Behayiob of Minebals 



COPFEB. (Continuation of page 249.) 



MineraL 



Fahlerz 



Tennantite •• 



Formula. 



(6uAgreZn)* 

ft* nt 

(SbAs). 



(6uPe)*As. 



Boumonite • • 



»i» 



(Pb«€u)Sb. 



Behavior 



(1) 

in glass-bulb. 



Sometimes 

decrepitates, 

fuses, and when 

very strongly 

heated, gives a 

red sublimate 

ofSbwithSb, 

also sometimes 

a black subli- 

mate of Hg 

and occasion- 

»i» 
ally As. 



(2) 
in open tube. 



Decrepitates 

occasionally 

and gives a 

red sublimate 



in 

of As. 



Decrepitates 
giving off sul- 
phur and, when 
strongly heat- 

nt _, 

.edfSbandSb. 



Fuses and gives 

off thick fumes 

of SbO» and 

SO', also genC' 

rally AsO', 

leaving a black 
infusible resi- 
due If Hg 
be present, it 

is sublimed and 
condenses in 
the tube in 
small drops. 



(8) 
on charcoal. 



Evolves S and 

Xs, which con- 
dense and form 
a white subli 
mate. 



Fuses to a 
bead, which 

fumes strongly 
and incrusts 

the charcoal 
with SbO», 

and sometimes 
ZnO, which 
cannot be 
volatilized. 

Emits a strong 

smell of 

arsenic. 



Evolves thick 
white fumes of 

Sb,§b and 

]E*b§b. AlsoS. 



Fuses to a 
magnetic bead 
giving off ar- 
senical and 
sulphurous 
fumes. 



Fuses readily 
and incrusts 
the charcoal 

with Sb and 

Ph leaving a 

dark colored 

bead. 



Before the Blowpipe. 
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copper. (Continuation of page 260.) 



Behavior 



(4) 
in forceps. 



(6) 
in borax. 



The residue 
obtained on 
charcoal thor- 
oughly roasted 
gives a copper 
reaction, and 
when the lat- 
ter has been 
removed by 
reduction upon 
charcoal, an 
iron reaction. 



As the pre- 
ceding. 



If the bead 
obtained on 
charcoal be 
fused on that 
support in the 
reducing flame 
with borax, a 
slight iron reac- 
tion is obtain- 
ed, and after a 
time a copper 
reaction. 



(6) 
in mic. salt. 



As the pre- 
ceding. 



As the pre- 
ceding. 



As with borax. 



Hi) 

with carb. soda. 



With this flux 
and a little 
borax yields a 
bead of metal- 
lic copper ; on 
silver, the al- 
kaline mass 
gives a sul- 
phur reaction. 



Yields a copper 
bead and metal- 
lic iron in the 
form of a dark 
grey powder. 
The fused alkali 
gives the sul- 
phur reaction. 

Yields a bead 
of metallic cop- 
per and lead 
and incrusts 
the charcoal 
with Sb and 
l*b. The alka- 
line mass laid 
on silver and 

moistened 
gives the sul- 
phur reaction. 



(8) 

Special 

reactions. 



If the copper 
bead obtained 
by fusing upon 
carbonate of 
soda be cupel- 
led with assay 
lead, a silver 
bead will be 
obtained. Or if 
dissolved in ni- 
tric acid and a 
drop or two of 
HCCl added, a 
white precipi- 
tate of AgCl 
will be formed, 
which may be 
collected and 
reduced with 
carbonate soda 
upon charcoal. 
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BsHAYioB OF Minerals 



COPPER. (Ck>ntmiiatioii of page 261.) 



MineraL 



Formida. 



lied oude of 
copper 



GnH). 



Behayior 



(1) 
in glaas-bulb. 



A.taca]Dite . • • 



GuCl+sOa 



DioptaM 



0n»S?+8fl. 



\falaohite 



ea«o+fi. 



Gives off much 
water, haying 
an acid reac- 
tion, on test 
paper, and 
forms a light 
grey sublimate 
of CuGL 



Oiyes off water 

and turns 

black. 



(2) 
in open tube. 



Is converted 

into the black 

oxide CuO. 



Gives off water 
and turns 
■ black. 



(S) 
on charcoal 



In the reduc- 
ing flame is 
reduced, form- 
ing a bead of 
metallic cop- 
per. 

Fuses, colors 
the flame blue, 
forms a brown 
and a pale 
grey incrusta- 
tion on the 
charcoal, and 
is reduced to 
metallic cop- 
per, leaving a 
small quantity 
of slag. 

In the oxidiz- 
ing flame be- 
comes black. 
In the reduc- 
ing flame red. 



Fuses to a 
bead and with 
a strong flame 
is reduced to 
metallic cop- 
per. 
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COPPER. (Continuation of page 252.) 



Behayior 



in forceps. 



Fuses and co- 
lors the flame 
emerald green, 
or if previously 

moistened 
with HCl, blue. 

Fuses and co- 
lors the outer 
flame intensely 
blue and green 
towards the 
point. 



V. 

Colors the 

outer flame 

intensely 

green. 



Fuses and co- 
lors the outer 
flame brilliant- 
ly green. 



(6) 
in borax. 



Giyes the cop- 
per reaction. 



Giyes the cop- 
per reactions. 



Giyes the cop- 
per reactions. 



Giyes the cop- 
per reaction. 






(«) 
in mic. salt. 



As with borax. 



As with borax. 



As with borax. 
The silica re- 
mains undis- 
Bolyed. 



As in borax. 



0) 
with carb. soda. 



Is reduced to 
a bead of me- 
tallic copper. 



Is reduced, 

yielding a bead 

of metallic 

copper. 



With a small 
quantity of 
carbonate of 
soda fuses to 
a bead, which 
on cooling is 
opaque and 
has a red frac- 
ture. With 
more alkali 
forms a slag, 

containing 
little beads of 
reduced cop- 
per. 

Yields metal- 
lic copper. 



(8) 

Special 
reactions. 



Dissolyes in 

HCl with much 

efferyescence. 
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Behayiob of Mikebals 



COPPER. (Continuation of page 268.) 





Formula. 


Behavior 




Mineral 


(1) 

in glass-bulb. 


(2) 
in open tube. 


(8) 
on charcoal. 




Blue Titriol. . . . 


OuS-f-eS. 


Intumesces, 

gives off water 

and becomes 

white. 


Strongly heat- 
ed is decom- 
posed, giving 
off SO' and 
being convert- 
ed into CuO. 


As in the glass- 
bulb. Then 

fuses, coloring 

the outer flame 
green, and is 

reduced to me- 
tallic copper 

and 6u. 




Libethenite ... 


Cu*P+2fl. 


Gives off water 

and turns 

black. 




Gradually heat- 
ed, turns black 
and fuses to a 
bead, having a 
core of metal- 
lic copper. 




Olivenite 


* 


• 

Gives off water. 




Fuses with de- 
tonation and 
the evolution 
of arsenical 
fumes to a 
brittle regu- 
lus, brown ex- 
ternally and 
having a white 
fracture. 

• 
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COPPER. (CoDtinuation of page 254.) 



Behayior 



(4) 
in forceps. 



Fuses and co- 
lors the outer 
flame blue. 



Fuses, but does 
not color the 
flame distinct- 
ly. On cooling 
is black and 
crystalline. 



(6) 
in borax. 



The roasted 

mineral gives 

the copper 

reaction. 



Gives the cop- 
per reaction. 



(«) 

in mic. salt. 



As in borax. 



ks in borax. 



Fuses and co- 
lors the outer 

flame green. 
On cooling has 

a crystalline 
surface. 



Gives a copper 
reaction. 



As in borax. 



with carb.^soda. 



Yields metal- 
lic copper. The 
alkaline mass 
laid on silver 
gives the S 
reaction. 



(8) 

Special 

reactions. 



Gives the sul- 
phuric acid 
reaction. 



With much of 
the alkali is 
decomposed, 
yielding me- 
tallic copper. 
With small 
portions suc- 
cessively add- 
ed flrst fuses 
and then in- 
tumesces, fuses 
with a strong 
flame, and is 
then absorbed 
into the char- 
coal, leaving 
metallic cop- 
per. 

Is reduced, 
yielding me- 
tallic copper. 



Gives the phos- 
phoric acid 
reaction. 



Gives the arse- 
nic reactions. 
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Behayiob of Minebalb 



ANTIMONY. 



MineraL 



Native anti- 
mony .... 



Orey'antimony 



Antimony 
blende . 



Formula. 



Sb. 



SbS«. 



Sb«+5b. 



Behayior 



(1) 
in glas6-bulb. 



Fuses and, 
when strongly 
heated, yolati- 
lizes being re- 
deposited in 
the tube as a 
dark grey sub- 
limate. 



Fuses readily 
and occasion- 
ally gives off 
a small quan- 
tity of sulphur. 
Strongly heat- 
ed forms a 
brown subli- 
mate of SbS» 
and SbO". 



Fuses easily, 
gives off first 
SbO* and af- 
terwards an 
orange colored 

sublimate. 
Strongly heat- 
ed, is decom- 
posed and gives 
a black subli- 
mate, which 
becomes brown 
on cooling. 



(2) 
in open tube. 



Fuses and gives 

off dense white 
fumes, which 
are partly re- 
deposited on 
the tube. 

Sometimes also 
gives off arse- 
nical fumes in 

small quantity. 



Fuses and gives 

off S0«, which 

passes off up 

the tube, and 

dense white 

fumes of 

SbO» and SbO», 

which are 
partly deposit- 
ed in the tube. 



As the pre- 
ceding. 



(8) • 
on charcoaL 



Fuses and gives 

off dense white 

fumes, which 

thickly incrust 

the charcoal 

and color the 

blame blue 

immediately 

beyond the 

assay. 



Fuses and is 
partly absorb-, 
ed by the 
charcoal and 
partly volati- 
lized, incrust- 
ing the char- 
coal with the 
characteristic 
white oxides. 
Colors the 
flame blue. 



As the pro- 
ceding. 
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ANTIMONT. (Continiia^on of page 256.) 



Behayior 



in forceps. 



(5) 
in borax. 



The oxide 
formed upon 
charcoal gives 
the antimony 

reactions. 



As the pre- 
ceding. 



As native 
antimony. 



(6) 
in mic salt. 



As in borax. 



As in borax. 



with carb. soda. 



As in borax. 



(8) 

Special 

reactions. 



The incrusta- 
tion on the 
charcoal, if 
treated with 
nitrate of co- 
balt assmnes 
the character- 
istic green 
color. 



Fuses and is 
reduced, yield- 
ing metallic 
antimony, 
which behaves 
as the preced- 
ing mineral 
upon charcoal. 
The alkaline 
mass gives 
the sulphur 
reaction. 



As the pre- 
ceding. 



As the pre- 
ceding. 



As naUve 
antimony. 
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BSHAYIOB OF MiNBBALS 





ANTIMONY 


. (Continuation of page 257.) 










Behayior 




Mineral. 


Formula. 


















(1) 


(2) 


. (8) 








in glass-bulb. 


in open tube. 


on charcoal. 




White anti- 




Is sublimed 


As in the glass- 


Fuses with the 




mony 


SbO». 


and re'con- 

densed in the 

neck of the 

tube. 


bulb. 

• 


evolution of 

dense white 

fumes, which 

incrust the 

surface of the 

charcoal. In 

the reducing 

flame is partly 

reduced, jrield- 

ing metallic 

antimony. 
Colors flame 








- 




blue. 
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ANTIMONY. (Continuation of page 268.) 



Behavior 



in forceps. 



Fuses and is 

Tolatilizcd, 

coloring the 

outer flame 

blue. 



(6) 
in borax. 



Gives the 
antimony 
reaction. 



(6) 
in mic. salt. 



As in borax. 



(1) 

with carb. soda. 



In the reduc- 
ing flame is 
reduced, yield- 
ing metallic 
antimony. 



(8) 

Special 

reactions. 



As native 
antimony. 
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Bbhayiob or Minerals 



A B S S N I G. 



HinenL 



Native arsenic 



Realgar 



Formula. 



Ab. 



AsS". 



Orpiment. 



White arsenic 



AaS*. 



AflO". 



Behavior 



(1) 
in glafls-bulb. 



Sabtimes with- 
oat fasion and 
recondenses as 
a dark grey 
metallic sub- 
limate, some- 
times 'leaving 
i small residue. 



Fuses, enters 
into ebullition 
and is sub- 
limed as a 
transparent 
red sublimate. 



As the pre- 
ceding, except 
that the sub- 
limate is of a 
dark yellow 
color when 
cold. 



Sublimes with- 
out fusion and 
recondensesin 
white crystals. 



(2) 
in open tube. 



If gently heat- 
ed in a good 
current of air 
passes off as 
AsO', which 
is partly con- 
densed as a 
white subli- 
mate in the 
upper part of 
the tube. 

Gently heated 
passes off as 
SO* and AsO», 
the latter of 
which is rede- 
posited in the 
upper part of 
the tube. 



As the pre- 
ceding. 



(8) 
on charcoaL 



Passes off aa 

AsO', which 

thinly incrusts 

the charcoal 

beyond the 



Fuses and 
passes off as 
arsenious and 

sulphurous 
acids. 



As the pre- 
ceding. 



Sublimes and 
is partly re- 
condensed on 
charcoal form- 
ing a white 
incrustation. 
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ABSENIG. (Oontinuation of page 260.) 



Behavior 



(4) 
in forceps. 



Colors the 
flame blue. 



Fuses and co- 
lors the flame 
blue. 



(5) 
in borax. 



As the pre- 
cediDg. 



(6) 
in mic. salt. 



Colors the 
flame blue. 



0) 
with carb. soda, 



As on char- 
coal, except 
that the S 
combines with 

the alkali 
forming NaS, 
which on sil- 
ver gives the 
sulphur reao- 
tion. 



Afi the pre- 
ceding. 



(8) 

Special 

reactions. 



Heated with 
charcoal in a 

glass-tube ^ 
sealed at one 
end, is reduced 
and metallic 
arsenic sub- 
limes. 
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Bbhayiob of Minebals 



MERCURY. 



MineraL 



Native mercury 



Cinnabar 



Formula. 



Hg. 



HgS. 



Native amal- 
gam 



AgHg«. 



Behayior 



(1) 

in glass-bulb. 



Volatilizes with 

little or no 

residue and 

recondenses in 

neck of bulb. 



Volatilizes 
sometimes 
leaving a slight 
earthy residue, 
and recon- 
denses as a 
black sulphide. 



(2) 
in open tube. 



As native 
mercury, but 
leaves a resi- 
due of pure 
silver. 



If gently heat- 
ed is decom- 
posed into 

metallic mer- 
cury, which 

volatilizes and 
recondenjses 

in the upper 
part of the 

tube, and SO', 

which passes 
off and is 
easily recog- 
nized by its 
odor and 
bleaching pro- 
perties. 



(8) 
on charcoaL 



Is volatilized. 



Is volatilized, 
generally leav- 
ing a small 
earthy residue. 



The mercury 
volatilizes 
leaving the 
silver, which 
fuses to a 
bead, and, in 
the oxidizing 
flame, incrusts 
the charcoal 
with its cha- 
racteristic 
oxide. 
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HERCT7RY. (Continuation of page 262.) 



Bebavior 



(4) 
in forceps. 



(6) 
in borax. 



(6) 
in mic. salt. 



with carb. soda. 



With carbo- 
nate of soda 
and cyanide 
of potassium 
is decomposed 
and metallic 
mercury Tola 
tilized. 



(8) 

Special 

reactions. 



When in the 
preceding ex- 
periment the 
mercury has 
been entirely 
dissipated, the 
alkaline resi- 
due laid on 
silver gives a 
sulphur reac- 
tion. 
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Behatiob of Minesals 



S I L y £ B. 



HineraL 



Natiye sUrer. . 



Fornmla. 



H- 



Beharior 



(1) 
in glass-bulb. 



(2) 
in open tube. 



Antimonial 
alret . . . 



^ver glance •• 



Ag*Sb. 



AgS. 



(8) 
on charcoaL 



Gives off dense 
white fiimes, 

which are 
partly deposit- 
ed in the tube. 



Fuses and in 
a strong oxi- 
dizing flame 
forms an in- 
crustation of 
dark brown 
oxide on the 
charcoal. If 
any antimony 
be present, it 
affords a crim- 
son incrusta- 
tion. 



Gives off sul- 
phurous acid. 



Fuses, fumes 
strongly, form- 
ing a white 
incrustation, 
and when the 
antimony is 
nearly expelled 
a crimson one, 
a nearly pure 
silver bead 
remains. 



Gives off SO" 
and is reduced 
to metallic sil- 
ver. If impure, 
a small quan- 
tity of slag 
also remains. 
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SILVEB. (Contmaation of page 264) 



I 

I 

! , (4) 
I m forceps. 



Behayior 



(6) 
in borax. 



Gives the sil- 
ver reactions. 



(6) 
in mic. salt 



As in borax. 



The incrusta- 
tion formed 
on charcoal 
gives an anti- 
mony reaction. 



As in borax. 



The reddual 
slag (if any) 
obtained upon 
charcoal ^ves 
an iron reac- 
tion. 



As in borax. 



(1) 

with carb. soda. 



As alone on 
charooaL 



As alone on 
charcoal The 

alkaline mass 
gives a snlphnr 

reaction on 
polished silver. 



12 



(8) 

Special 

reactions. 
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Bkhaviob of Minbbai-b 



SILYEH. (Continuation of page 265.) 



MineraL 



Formula. 



Stephanite 



vn 



Ag«Sb. 



Pyrargyrite. 



m 



Ag'Sb. 



f roosUto 



1 ^rrw 

Ag'AB. 



B e h a Y i»o r 



(1) 
in glass-bulb. 



Decrepitates, 
fuses and gives 
a slight subli- 
mate of sul- 
phide of anti- 
monj. 



Sometimes 
decrepitates, 
fuses readily, 

and, when 
strongly heat- 
ed, gives a 
dark red sub- 
limate of SbS> 



(2) 
in open tube. 



Fuses and 
gives oflf S0» 

and dense 
white antimo- 

nial fumes. 



As the pre- 
ceding. 



(3) 
on charcoal. 



Fuses and in- 
crusts the cha- 
coal with anti- 
monious acid^ 
leaving Ag 
with some an- 
timony. If 
the flame be 
continued, a 
red incrusta- 
tion is formed 
and finally a 
bead of pure 
silver remains 
surrounded by 
a small slag. 



Fuses with 
much spirting 
and covers the 
charcoal with 

antimonial 
fumes. When 
the residual 
AgS is heated 
for some time 
in the oxidiz- 
ing flame, a 
bead of pure 

silver is ob- 
tained. 



Fuses and at 
a low red heat 
affords a small 
sublimate of 
AsS'. 



Gradually heat- 
ed it gives off 



AsO» and S0^ 

Sometimes also 

antimony 

fUmes. 



As the pre- 
ceding, except 



that a large 

quantity of 

AsQs and but 

Uttle SbO" are 

given ofL 



Before the Blowpipe. 
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SILYEB. (Gontmuation of page 266.) 



Behayior 



in forceps. 



(5) 
in borax. 



The residaal 
slag obtained 
on the char- 
coal giyes an 
iron and cop- 
per reaction. 



(6) 
inmic salt. 



JkB in borax. 



0) 

with carb. soda. 



The silver is 
reduced and 
the antimony 
passes off in 
dense fumes. 
The fused al- 
kali gives the 
8ulphur>reac- 
tion on silver. 



As the pre- 
ceding* 



As stephanite, 
except that 

much arsenic 
is given off 

and but little 
antimony. 



(8) 

Special 

reactions. 
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Behayior of Mihbbalb 



SILYEB. (ContiDnation of page 269.) 



MineraL 

• 


Formula. 


Behavior 


(1) 

in gla8»4>iilb. 


(2) 
in open tabe. 


on charcoaL 


Horn alyer... 


Agca. 


Fuses, but un- 
dergoes no 
further change. 




Fuses readily 
in the oxidiz- 
ing flame. In 
the redacing 
flame is slowly 
reduced yield- 
ing metallic 
ffilver. 
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SILYEB. (Continuation of page 268.) 



1 




B e h a 


y i r 




(8) 
Special 














w 


(6) 


(6) 


0) 


reactions. 




in forceps. 


in borax. 


in mic. salt. 


with carb. soda. 






— 


— 


^- 


Is rapidly re- 
duced to me- 
tallic silyer. 


If cut up into 
small pieces 
mixed with 
oxide of cop- 
per and then 
heated before 






- 
















the oxidizing 












flame upon 












charcoal, it 












colors the 












flame blue. 



THB END. 



APPENDIX* 



(a.) Method of distinguishing the red flame of Lithia 
from that of Strontia. — ^It has been long known that the 
crimson coloration imparted to the blow-pipe flame by 
strontiay is destroyed by the presence of baryta. The latter 
substance, howeyer, as first indicated by the writer, does 
not affect the crimson flame-coloration produced by lithia. 
Hence, to distinguish the two flames, the test-substance 
may be fused with 2 or 3 yolumes of chloride of barium, in 
a loop of platinum wire, the fosed mass being kept just 
within the point or edge of the blue cone. K the original 
flame-coloration proceeded from strontia (or lime), an im- 
pure brownish yeUow tinge will be imparted to the flame- 
border; but if the original red color were caused by lithia^ 
it will not only remain undestroyed, but its intensity will 
be much increased. 

This test may be applied, amongst other bodies, to the 
natural silicates, L^ndolite, Spodumene, &c. It is equally 
ayailable, also, in the examination of phosphates. The 
mineral TryphyUinSy for example, when treated per se, im- 
parts a green tint to the point of the flame, owing to the 
presence of phosphoric acid ; but if this mineral be fused 
(in powder) with chloride of barium, a beautifnl crimson 
coloration in the surrounding flame-border is at once pro- 
duced. 

* The articles In the Appendix from a to i, indiulTe, are taken, with slight alter- 
ation^ from some pablisbed notes of ProC Chapmah, of Toronto. Article^ originated 
with Mr. Lakdavsb. 
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(b.) Reaction of Manganese Salts on Baryta. — ^When 
moistened with a solation of any manganese salt, and ignit- 
ed in au oxidizing flame, baryta and baryta compounds, 
generally assume, on cooling, a blue or greenish-blue color. 
This arises from the formation of a manganate of baryta. 
Strontia and other bodies (apart from the alkalies), when 
treated in this manner, become brown or dark grey. A 
mixture of baryta and strontia also assumes an indefinite 
greyish-brown qolor. If some oxide of manganese be fused 
with carbonate of soda, so afl to produce a greenish-blue 
bead, or "turquoise enamel," and some baryta or a baryta 
salt be melted into this, the color of the bead will remain 
unchanged ; but if strontia be used in place of baryta, a 
brown or greyish-brown enamel is produced. 

Note. — Some examples of Witli&ritey Barytiney and Baryto-ccUdte, 
contain traces of oxide of manganese. These, after strong ignition, 
often assume per 86 a pale greenish-blue color. 

(c.) Detection of Baryta in the presence of Strontia, — This 
test is chiefly applicable to the detection of baryta in the 
natural sulphate of strontia; but it answers equally for the 
examination of chemical precipitates, &c., in which baryta 
and strontia may be present together. The test-matter, in 
fine powder, is to be melted in a platinum spoon, with 3 or 
4 volumes of chloride of calcium, and the fused mass treated 
with boiling water. For this purpose, the spoon may be 
dropped into a test-tube, or placed (bottom upwards) in a 
small porcelain capsule. The clear solution, decanted from 
any residue that may remain, is then to be diluted with 8 ■ 
or 10 times its volume of water, and tested with a few drops 
of chromate (or bi-chromate) of potash. A precipitate, or 
turbidity, indicates the presence of baryta. 

{d.) Action of Baryta on Titanic Add, — Fused with 
borax in a reducing flame, titanic acid forms a dark ame- 
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thystine-blue glass^ which becomes light bine and opaque 
when subjected to the fl<iTniTig process. The amethystine 
color arises finom the presence of Ti'O* : the light-blue en- 
amelled surface from the precipitation of a certain portion 
of TiO'. The presence of baiyta., eyen in comparatiyely 
small quantity, quite destroys the latter reaction. When 
exposed to an intermittent flame, the glass (on the addition, 
of baryta) remains dark-blue, no precipitation of titanic 
acid taking place. Strontia acts in the same manner, but a 
much larger quantity is required to produce the reaction. 

{e.) Detection of Oxide of Manganese when present in 
minute quantity in mineral bodies. — ^The process on page 
134 may be varied to advantage, as follows, yiz. : — ^Dissolve 
the assay in a borax or microcosmic salt bead, and then 
treat the fused mass with carbonate of soda in excess. If 
there be a trace of manganese present, the bead will assume 
the turquoise-enamel* appearance, which arises from the 
formation of manganate of soda. 

(/.) Method of distinguishing the Protoodde of Iron {FeO) 
from the Sesquioxide {Fe^(T) in Silicates and other com^ 
pounds. — This test serves to indicate, with great certainty, 
the presence or absence of FeO in bodies generally. It is 
performed as follows : — ^A small quantity of black oxide of 
copper (CuO) is dissolved in a bead of borax on platinum 
wire, so as to form a glass which exhibits, on cooling, a de- 
cided blue color, but which remains transparent To this, 
the test-substance in the form of powder is added, and the 
whole is exposed for a few seconds, or until the test-matter 
begins to dissolve, to the point of the blue flame. K the 
substance contain Fe*0" only, the glass, on cooling, will re- 
main transparent, and will exhibit a bluish-green color. On 
the other hand, if the test-substance contain FeO, this will 
become at once converted into Fe'O' at the expense of some 
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of the oxygen of the copper compound ; and opaque red 
streaks and spots of Cu'O will appear in the glass, as the 
latter cools. 

(g.) Detection of minute traces of Copper in Iron Pyrites 
and other bodies. — ^Although an exceedingly small percent- 
age of copper may be detected in blowpipe experiments, by 
the reducing process, as well as by the aznre-blue coloration 
of the flame when the test-matter is moistened with chlo- 
rhydic acid, these methods fail, in certain extreme cases, to 
give satisfactory results. It often happens, that veins of 
iron pyrites lead, at greater depths, to copper pyrites- In 
this case, according to the experience of the writer, the iron 
pyrites will, almost invariably, hold minute traces of cop- 
per. Hence the desirability, on exploring expeditions more 
especially, of some ready test, by which, without the neces- 
sity of employing acids or other bulky and difficultly port- 
able reagents, these traces of copper may be detected. The 
following simple method will be found to answer the pur- 
pose : — The test-substance, in powder, must first be roasted 
on charcoal, or, better, on a fragment of porcelain, in order 
to drive off the sulphur. A small portion of the roasted 
ore is then to be fused on platinum wire with phosphor-salt ; 
and some bisulphate of potash is to be added to the glass 
(without this being removed from the wire) in two or three 
successive portions, or until the glass becomes more or less 
saturated. This effected, the bead is to be shaken off the 
platinum loop into a small capsule, and treated with boiling 
water, by which either the whole or greater part will be dis- 
solved ; and the solution is finally to be tested with a small 
fragment of ferrocyanide of potassium ("yellow prussiate.") 
If copper be pi*esent in more than traces, this reagent, it is 
well known, wiQ produce a deep-red precipitate. If the 
copper be present in smaller .quantity, that is, in exceedingly 
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minute traces, the precipitate will be brown or brownish- 
black ; and if copper be entirely absent, the precipitate will 
be blue or green — assuming, of course, that iron pyrites or 
some other ferruginous substance is operated upon. In 
this experiment, the preliminary fusion with phosphor-salt 
greatly fEtcilitates the after solution of the substance in bi- 
sulphate of potash. In some instances, indeed, no solution 
takes place if this preliminary treatment with phosphor- 
aalt be omitted. 

(A.) Detection of Lead in the presence of Bismuth. — ^When 
lead and bismuth are present together, the latter metal 
may be readily detected by its known reaction with phos- 
phor-salt in a reducing-flame — antimony, if present, being 
first eliminated ; but the presence of lead is less easily as- 
certained* If the latter metal be present in large quantity, 
it is true, the metallic globule will be more or less malleable, 
and the flame-border will assume a clear blue color when 
made to play upon its surface, or on the sublimate of lead- 
oxide as produced on charcoal; but in other- cases, this re- 
action becomes exceedingly indefinite. The presence of 
lead may be detected, however, by the following plan, based 
on the known reduction and precipitation of salts of bis- 
muth by metallic lead : a method which succeeds perfectly 
with brittle alloys containing 85-90 per cent of bismuth. 
A small crystal or fragment of nitrate of bismuth is placed 
in a porcelain capsule, and moistened with a few drops of 
water, the greater part of which is afterwards poured off; 
and the metallic globule of the mixed metals, as obtained 
by the blowpipe, haying been slightly flattened on the anvil 
until it begins to crack at the sides, is then placed in the 
midst of the sub-salt of bismuth formed by the action of 
the water. In the course of a minute, or even less, accord- 
ing to the amount of lead that may be present, an arbores- 
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cent crystallization of metallic bismuth will be formed 
aronnd the globule. 

This reaction is not effected by copper; but a precipita- 
tion of bismuth would ensue, in the absence of lead, if either 
zinc or iron were present These metals, however, may be 
eliminated from the test-globule, by exposing this on char- 
coal for some minutes, with a mixture of carb-soda and 
borax, to a reducmg-flame. The zinc becomes Tolatilized, 
and the iron is gradually taken up by the borax. If a sin- 
gle operation does not effect this, the globule must be re- 
moved from the saturated dark green glass, and treated with 
further portions of the mixture, until the resulting glass be 
no longer colored. 

{{.) Detection of Antimony in Tuhe-Suhlimates, — ^In the 
examination of mineral bodies for antimony, the test-sub- 
stance is often roasted in an open tube for the production 
of a white sublimate. The presence of antimony in this 
sublimate may be detected by the following process — a 
method more .especially available when the operator has only 
a portable blowpipe case at his command : — The portion of 
the tube to which the chief portion of the sublimate is at- 
tached is to be cut off by a triangular file, and dropped into 
a test-tube containing some tartaric acid dissolved in water. 
This being warmed or gently boiled, a part, at least, of the 
sublimate will be dissolved. Some bisulphate of potash — 
either alone, or mixed with some carb-soda and a little 
borax, the latter to prevent absorption — ^is then to be fused 
on charcoal in a reducing-flame ; and the alkaline sulphide 
thus produced is to be removed by the point of the knife- 
blade, and placed in a small porcelain capsule. The hepatic 
mass is most easily separated from the charcoal by remov- 
ing it before it has time to solidify. Some of the tartaric 
acid solution is then to be dropped upon it, when the well- 
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known orange-colored precipitate of SbS* will at onoe 
result. 

In performing this test, it is as well to employ a some- 
what large fragment of the test-substance, so as to obtain a 
thick deposit in the tube. It is adyisable, also, to hold the 
tube in not too inclined a position, in order to let but a 
moderate current of air pass through it ; and care must be 
taken not to expose the sublimate to the action of the flame 
—otherwise it might be converted almost wholly into a 
compound of SbO' and SbO*, the greater part of which 
would remain undissolved in the tartaric acid solution. A 
sublimate of arsenious acid, treated in this manner, would, 
of course, yield a yellow precipitate, easily distinguished by 
its color, however, from the deep orange antimonial sul- 
phide. The crystalline character, etc., of this sublimate, 
would also effectually prevent any chance of misconception. 

(y.) Chlorate of Potassa as a Reagent. — ^The action of 
this salt is, of course, that of energetic oxidation, caused 
by the evolution of oxygen at a high temperature. 

The detection of the oxides of the metals below, is readily 
effected by the following means : — In a tube 15 centimeters 
long, and 5 millimeters in diameters, closed at one end, 
place the test-substance, together with a small quantity of 
the chlorate ; apply heat gradually, at first without, and 
then with, help of the blowpipe, until no more oxygen is 
given off. The reaction is then completed, and the color 
of the test is to be examined. 



Flesh color indicates presence 


of Iron. 


TeUowish-brown, " 


a 


Tjead, 


Black, or grayish-black, " 


li 


Copper. 


Blue to black, 


it 


Cobalt. 


Purple, «* 


«f 


Manganese. 


Black, « 


u 


Nickel. 
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(L) INDIUM. 

This metal was discovered in 1863, by Professor Eiehter, 
at Freiburg, Saxony. It is found, in very small quantities, 
in the black sulphide of zinc of the Freiburg mines. 

The metal is nearly the color of aluminum, soft, ductile, 
and has a specific gravity of 7.14. 

OXIDE OF INDIUM 

Upon Charcoal, — ^TJnder the oxidizing flame becomes, 
while hot, dark yellow, and upon cooling, light yellow. 

Under the reducing flame it is gradually reduced. The 
reduced metal is volatile, and deposits a coating upon the 
the coal ; the outer flame is, at the same time, tinged with 
violet. 

In Borax Bead. — ^Under the oxidizing flame, dissolves to 
a faintly-colored yellow bead, which becomes colorless upon 
cooling ; and if great quantities of the assay be added, be- 
comes opaque. 

Under the reducing flame, the glass remains unchanged. 
If placed upon charcoal, the oxide is reduced — the metal 
volatilizes, and is again oxidized, and coats the coal. !N^ot- 
withstandhig the presence of soda, the violet color is per- 
ceptible in the outer flame. 

Treated with Soda, — ^In the oxidizing flame, insoluble. 

In the reducing flame, upon coal, the oxide is reduced ; 
a portion is volatilized, and coats the coal with oxide ; and 
a portion remains in the mass, in small white beads. 



INDEX. 



Actinolite, 205. 
Alumlna, pure, 121. 

reactions in borax bead, 76, 78. 

in mic. salt bead, 80 82. 
" on charcoal, 41. 
minerals, table of, 200. 
Alum, 200. 

Amalgam, native, 262. 
Ammonia, 62, 65, 113. 
Amber, 182. 
Analcime, 207, 209. 
Anorthite, 206 
Andalusite, 206, 209 
Anglesite, 240. 

ANTiMomr, metallic, 54, 66, 62, 64, 145, 154, 275 
ores of, 256. » * , u 

oxide of, general reactions, 99, 107, 144 
in borax bead, 76, 78. 
" mic. salt bead, 80, 82. 
sulphuret of, 256. 
• Antimonic acid, 145, 146. 
Antimoniate of potassa, 44 
Antrimolite, 207. 
Apatite, 192. 
ApophyUte, 207-209. 
Aksbnic, general reactions of, 160. 
Plattncr's test for, 179. 
reaction in glass bulb, 50. 
*' on charcoal, 56, 107. 

in platinum forceps, 62, 64. 
acid, 160, 260. ' 

ores, 260. 
Arsenious acid, 50, 102, 159. 
Asbestos, 205. 
Asphaltum, 181. 
Atacamite, 252. 
Augite, 205. 
Axinite, 205, 209. 
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Babtta, as reagent, 35, 371. 

reaction with manganese salts, 271. 
" in forceps, 62, 66. 
" in borax bead, 76, 78. 
" in mic. salt bead, 80, 82. 
" in presence of strontia, 271. 
Barytocaldte, 190. 
Beryl, 206-209. 
Bismuth, reaction of, in tube, 54, 154 

" on charcoal, 57, 107, 154. 

properties of, 152. 
chloride of, 61. 
ores of, 234. 
oxide of, in borax bead, 76, 78. 

in mic. salt bead, 80, 82. 
oxides of, general properties of, 93, 152 . 
sulphide of, 60. 
Bismuthic acid, 152. 
Bismuthine, 234. 
Blast, method of producing, 16. 
Blowpipe, construction of, 12. 

use of, 9. 
BoBACic acid, as reagent, 43. 

reactions of, 62, 65. 
properties of, 172. 
Boracite, 196. 
Borax, 38, 69, 188. 
Borax bead reactions, 76, 78. 
Bourn onite, 250. 
Brevicite, 207. 
Brewsterite, 207. 
Bromine, 174. 
Bromide of copper, 62, 64. 
Brown coal, 181. 
Brucite, 196. 

Cadmium, 142. 

detection in Zinc ores, 180. 

reaction upon charcoal, 58, 107. 

oxide of, reaction in borax bead, 76, 78. 

" mic. salt bead, 80, 82. 
Calamine, 232. 
Calc Spar, 192. 
Cannel Coal, 181. 
Carbon, 169, 181. 
Celestine, 190. 
Cerium, 124. 

oxide of, reaction in borax bead, 76, 78. 

mic. salt bead, 80, 82. 
Cerusite, 240. 
Chabazite, 207, 209. 
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Chalcolite, 212. 
Charcoal, properties of, 24 

as reagent, 55. 
Chlorides, 61. 
Chlokinb, 173. 
Chlorite, 207. 
Chloropal, 216. 
Chondrodite, 206, 209. 
Chbomium, 131. 

oxide of, general reactions, 102, 131. 
" reactions in borax bead, 76, 78 

mic salt bead, 80, 83. 
Chromic acid, 132. 
Chrome iron, 216. 
Chrysoberyl, 206, 209. 
Cinnabar, 262. 
Clansthalite, 238. 
Cobalt, 137. 

oxide reaction of, 88, 137, 276. 

in borax bead, 76, 78, 106. 
« " in mic. salt bead, 80, 82. 

nitrate of, as reagent, 40. 
bloom, 280. 
glance, 228 
earth, 230. 
Colnmbium, 126. 
Columbic acid, 126. 
CoEEBB, 62, 66, 161, 248. 

oxide of, as reagent, 43. 

reaction in borax bead, 76, 78, 94. 

in mic. salt bead, 80, 82, 94. 
general reactions, 106, 162, 252, 276. 
bromide of, 62, 64. 
chloride of, 62. 
pyrites, 248. 
vitreous, 248. 
Copperas, 218. 
Coppemickel, 226. 
Corundum, 200. 
Crocoisite, 244. 
Cryolite, 188. 
Cube ore, ^20. 

Datholite, 207, 209. 
Diallage, 206, 209. 
IMallogite, 224. 
Diamond, 181. 
DiDTMIUM, 125. 

oxide of, reactions in borax bead, 76, 78, 125. 
" " mic. salt bead, 80, 82, 126. 

" ^general reactions, 87. 
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Diopside, 305. 
Dioptare, 253. 

Elaolite, 205. 
Elateiite, 205. 
Emery, 200. 

Emerald nickel, 228. 
Epidote, 205. 
Epsomite, 196. 

Fahlerz, 250. 
FUme, oxidizing, 17. 
ledacing, 19. 
Fluorikb, 55, 175. 
Fluor spar, 43, 194. 
Franklinite, 216. 
FucliBite, 209. 

Galena, 238. 
Gadolinite, 206, 209. 
Garnet, 205. 
Gilbertite, 208. 
GismondJne, 206. 
Glauberite, 186. 
Glauber salt, 186. 
Glucina, 123. 
Gold, 96, 164. 

oxides of, 164. 
G5tliite, 216. 
Graphite, 181. 
Green earth, 218. 
Gjpsum, 192. 

Hachettine, 182. 
Harmatome, 207. 
Hauyne, 209. 
Heavy spar, 190. 
Heulandite, 207. 
Hornblende, 205. 
Humboldtilite, 205. 
Hypersthene, 206, 209. 

nmenite, 216. 
Indium, 277. 
lODDTE, 174. 
Iodides, 61. 
loUte, 206. 
Iridium, 167. 
Iriphyline, 220. 
IBON, native, 108, 135. 
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Ibon, eorUinued. 

oxides of, 272. 

oxide of, reaction in borax bead, 76, 78, 88. 

in mic. salt bead, 80, 83, 88. 

" with chlorate of potash, 276. 
pyrites, 214. 
spoons, 28. 

Jamesonite, 238. 

Kyanite, 206, 209. 

Labradorite, 205. 
Lanthanum, 125. 

oxide of, 86, 126. 
Lapis lazuli, 207, 210. 
Lanmonite, 207, 210. 
Lead, metallic, 149, 274. 

oxide of, reactions in open tube, 54. 
" " on charcoal, 57. 

in forceps, 62, 64. 
with soda, 107. 
chloride of, 61. 
oxide of, reaction in borax bead, 76, 78, 91. 

mic. salt bead, 80, 82, 91. 
with soda, 106. 

general properties of, 150, 240. 
sulphide of, 60, 238. 
molybdate of, 244. 
Lepidolite, 205, 210. 
Leucite, 206, 210. 
Libethenite, 254. 
Lievrite, 216. 
LniB, 118, 192. 

reactions of, in platinum forceps, 62, 69. 
" in borax bead, 76, 78. 
" in mic. salt bead, 80, 82. 
LiTHIA, 113. 

reactions in forceps, 62, 68. 
salts of, 114. 

Magnesia, 120, 196. 

reactions with nitrate of cobalt, 41. 
" in borax bead, 76, 78; 
" in mic. salt bead, 80, 82. 
Magnesite, 196. 
Magnetic pyrites, 214. 
" iron ore, 214. 
Malachite, 252. 
Manganese, 133, 179, 272, 276. 
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BiAiTGANESB, Continued. 

ores of, 222. 

oxides of, reactions in borax bead, 76, 78. 
" " mic. salt bead, 80, 82. 

Manganite, 222. 
Meerschaum, 208, 210. 
Mellite, 183. 
Mendipite, 240. 
Mbbcttby, 157. 

reactions of, in glass bulb, 50. 
*< in general, 262. 

oxide of, 94 
Mesitine spar, 198. 
Mesotype, 207. 
Microcosmic salt, 89, 72. 
Millerite, 226. 
Mimetine, 242. 
Minium, 240. 
Mispickel, 214. 

MOLYBDBNTJM, 58, 166. 

oxide of, 165. 

Molybdic acid, 62, 67. 

reaction in borax bead, 76, 78, 101. 

« in mic. salt bead, 80, 82, 101. 

" with soda, 106. 
Molybdenite, 178. 

Natrolite, 207. 
Natron, 186. 
Nepheline, 206. 
Nephrite, 206. 

Nickel, 138. « «« «a 

oxide of, reactions of, in borax bead, 76, 78, 89. 

in mic. salt bead, 80, 82, 89. 
" general properties, 139, 276. 
oxalate o^ as reagent, 43. 
glance, 228. 
Niobium, 127. 
Niobic acid, reaction in borax bead, 78, 98. 

" mic. salt bead, 80, 82, 98. 
Nitre, 37, 184. 
Nitric acid, 169. 

Obsidian, 206. 
Okenite, 207, 210. 
Ollgodase, 205. 
Ollvenite, 254. 
Olivine, 206, 210. 
Orpiment, 260. 
Orthodase, 206. 
Orthite, 207. 
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OsMiUH, 96, 166, 168. 
Oxidizing flame, 17, 18. 
Ozokerite, 182. 

Palladium, 95, 167. 

PectoUte, 207, 210. 

Pelopic add, reaction in borax bead, 76, 78, 99, 128. 

" mic. salt bead, 80, 82, 99, 128. 
PetaUte, 206. 
Pharmacolite, 192. 
Phosphorus, 170. 
Phosphoric add, reactions of, in forceps, 02, 67. 

reactions in general, 170. 
Pinite, 207. 
Pitchblende, 210. 
Pitchstone, 207. 
Platentjm, 167. 

forceps, 27, 61. 
oxide of, 95. n 

spoon, 27. 
wire, 26. 
Polyhalite, 184. 
POTAsaA, reaction of, in forceps, 62, 63, 69. 

reactions in general, 110. 

antimoniate of, as reagent, 17. 

chlorate ot " " 276. 

nitrate of, *' " 87. 

oxalate of, " " 80. 

Potassium, cyanide of, 86. 
Prehnite, 207. 
Proustite, 266. 
Psilomelane, 222. 
Pumice, 206. 
Pycnite, 206-210. 
Pyrargyrite, 266. 
Pyroludte, 222. 
Pyromorphite, 242. 
Pyrope, 205, 210. 

Reagents, general, 84. 

special, 43. 
Realgar, 260. 
Reducing flame, 19. 
Reduction, 12. 
Rhodium, 167. 

oxide of, 95. 
Rhodonite, 224 
Rock sa lt, 186. ^ 
BuTHBNiUM, oxide o( 96. 
Ryaoolite, 205. 
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Sahlite, 206. 
Saponite, 207. 
Sapphire, 200. 
ScmpoUte, 20&-2ia 
Scheeletine, 246. 
Scoledte, 207, 210. 
Soorodite, 220. 
Seleztenium, 177. 

reactions o^ in glass bulb, 49. 
" in open tube, 54. 

" npon diarooal, 56, 107. 
" in platinnm foropps, 02, 64. 

Serpentine, 206. 
Siderite, 218. 
SlUGA, 172. 

as reagent, 42. 

reactions o^ in borax bead, 76, 78. 

in mic. salt bead, 80, 82. 
SUkates, 114 ^ 

QOsYm, 163, 264. 

reactions o( on chareoal, 50. 

antimoniate o^ 264. 

Iiai],44 

glance, 265. 

ores, 262. 

oxide of, reactions of, in boiax bead, 76, 78, 95. 

"in mic. salt bead, 80, 82, 94. 
" general properties o( 163. 
Slags, 105. 
Smaltlne, 226. 
Soda, 62, 68. 112. 

carbonate Q^ 103. 
ibnniate at, 51. 
Soda nitie, 186. 
Sodalite, 205. 

Sodium, nitroprosBDde at, 44k 
Specular iron, 214 
Spinel, 202. 
Spodomene, 205, 211. 
Stannic add, 155. 
StanioHte, 206. 
Steatite, 20a 
Stephanite, 266. 
StilMte, 207, 211. 
Strontia, 62, 68, 117, 27a 
Strontianite, 19a 
Sablimation, 10. 
Scu^HUB, 44, 171. 
Salphnzio add, 171. 
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Talc, 307. 

Tantalic add, reaction in borax bead, 76, 78, 97. 

mic. salt bead, 80, 82, 97. 
Tbllxtbium, 147. 

reactioiiB of, in tube, 54. 
" on charcoal, 56. 

" in forceps, 63,66. 

** with soda, 107. 

Telloric add, reactions in flame, 63, 67. 

borax bead, 76, 78. 
mic. salt bead, 80, 83. 
closed tube, 149. 
Tellnrons add, 103, 148. 
Tennantite, 350. 
Test papers, ^. 
Tetradymite, 386. 
Thomsonite, 337. 
Thorina, 133. 
Tnr, 41, 58, 164. 

oxide of, reactions in borax bead, 76, 78, 93. 

in mic. salt bead, 80, 83, 93. 
with nitrate of cobalt, 41. 
reactions in general, 155. 
TlTAlOUM, 138. 
Titanic acid, reactions of, in borax bead, 76, 78, 96. 

in mic. salt bead, 80, 83, 95. 
reactions in general, 138. 
Topaz, 306, 311. 
Tourmaline, 204, 311. 
Tremolite, 305. 
Triplite, 234. 
TuNGSTic Acip, reactions in borax bead, 76, 78, 100. 

" mia salt bead, 80, 83, 100. 
" soda bead, 106. 
Turqnoise, 300. 

Ulmanite, 338. 
Ubaioum, 139. 

oxide of, reactions in borax bead, 76, 78, 98. 

mic. salt bead, 80, 83, 98. 
" general reactions, 130. 
Uranmn ochre, 313. 
Uranite, 313. 

Vanadium, 130. 
Vanadic add, 106, 130. 

reactions of, in borax bead,' 76, 78, 101. 
« " in mic. salt bead, 80, 83, lOL 

Vanadinite, 344. 
VesuTian, 305. 
Vivianite, 318. 
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Wad, 22SL 
WashinfiT bottle^ 8L 
Water, 62. 
Wavellite, 203. 
Websterite, 206, 21L 

Tttbia, 123. 

Zeetc 140. 

oxide ai, reactiaDfl in borax bead, 76, 78, 00. 
'< '< in mic salt bead, 80, 82, 00. 

wiih soda, 107. 
" " with nitrate of oobalt, 4L 

" general reactionfl^ 141. 
" onchaiooa], 58. 
Sncblende, 211. 
ZnuxmiA, 128L 
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ABBOT (H. L.) Siege Artillery in the Campaign against 
Richmond, with Notes on the 15-inch Gun, including 
an Algebraic Analysis of the Trajectory of a Shot in its 
ricochet upon smooth water. Illustrated with detailed 
drawings of the U. S. and Confederate rifled projectiles. 
By Henry L. Abbot, Maj. of Engineers, and Bvt. Maj.- *- 
General U. S. Vols., commanding Siege Artillery, 
Armies before Richmond. Paper No. 14, Professional 
Papers, Corps of Engineers, i vol. 8vo, cloth $3 • 5^ 

ALBXAHDEB (J. H.) Universal Dictionary of Weights 
and Measures, Ancient and Modern, reduced to the 
standards of the United States of America. By J. H. 
Alexander. New edition^ enlarged. 1 vol. 8 vo, cloth. 3*50 

BEHET (S. V.) Electro-Ballistic Machines, and the Schultz 
Chronoscope. By Brevet Lieut.-Colonel S. V. Benet. 
1 vol. 4to, illustrated, cloth 4.00 

BBOOKLTN WATER WORKS. Containing a Descrip- 
tive Account of the Construction of the Works, and 
also Reports on the Brooklyn, Hartford, Belleville, and 
Cambridge Pumping Engines With illustrations. I 
vol. folio, cloth 15 .00 

BUROH (N. P.) Modern Marine Engineering, applied to 
Paddle and Screw Propulsion. Consisting of 36 colored 
plates, 259 Practical Woodcut Illustrations, and 403 
pages of Descriptive Matter, the whole being an ex- 
position of the present practice of the following firms : 
Messrs. J. Penn 8c Sons ; Messrs. Maudslay, Sons & 
Field; Messrs. James Watt & Co.; Messrs. J. & G. 
Rennie ; Messrs. R. Napier & Sons ; Messrs. J. & W. 
Dudgeon ; Messrs. Ravenhill Sc Hodgson ; Messrs. 
Humphreys & Tenant ; Mr. J. T. Spencer, and Messrs. 
Forrester & Co. By N. P. Burgh, Engineer. In 1 thick 

vol. 4to, cloth 30.00 

Do. do. half morocc9 • 35 •oo 
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CAMPDI on the Constniction of Iron Rooh. By Francis 

Campin. 8vo, with plates, cloth $3 .00 

GEAVVBHBT (Prof. Wm.) New Method of Correcting 
Lunar Distances, and Improved Method of Finding the 
Error and Rate of a Chronometer, by equal altitudes. 
By Wm. Chaurenet, LL. D. 1 vol. 8vo, cloth 2.00 

CLOUOH (A. B.) Contractors* Manual and Builders' Price- 
Book. By A. B. Cloi^, Architect. 1 vol. i8mo, 
cloth 75 

OOLBinUI (Zerah). Engineerii^— an Illustrated Weekly 
Journal, conducted by Zerah Colbum> London. 32 
pages folio. Is promptly received here by weekly 
steamers. Price, per aimum • 10 .00 

**niis is the ablest E^igineering paper pablished, and is edited by one of the best 
known scientiflc men of the day. It is finely and proftisely illastrated, and printed in the 
best manner." 

OOLBUBV. The Gas Works of London. By Zerah Col- 
bum, C. E. 1 vol. i2mo, boards . 75 

CBAIO (B. F.) Weights and Measures. An Account of 
the Decimal System, with Tables of Conversion for 
Commercial and Scientific Uses. By B. F. Craig, M. 
D. 1 vol. square 32mo» limp cloth 50 

" The most Incid, accurate, and nseDil of all the hand-bo§^s on this subject that we 
have yet seen. It gives forty-seven tables of comparison betvreen the EbgUsh and 
French denominatioBs of length, area, capacity, weight, and the centigrade and Fahren- 
heit thermometers, with clear instructions how to ose them ; and to this practical por- 
tion, which helps to make the transition as easy as possible, is prefixed a scientific ex- 
planation of the errors in the metric system, and how they may be ctorected in the 
laboratory. ' ^—Nation. 

FRAHCIS. Lowell Hydraulic Experiments, being a selec- 
tion from Experiments on Hydraulic Motors, on the 
Flow of Water over Wiers, in Open .Canals of Uniform 
Rectangular Section^ and through submerged Orifices 
and diverging Tubes. Made at Lowell, Massachusetts. 
By James B. Francis, C. E. 2d edition, revised and 
enlarged, with many new experiments, and illustrated 
with twenty-three copperplate engravings, i vol. 4to, 

cloth ^ 15.00 
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ntAVCIS. On the Strength of Cast-iron Pil]ars,with Tables 
for the use of Engineers, Architects, and Builders. By 
James B. Francis, Civil Engineer, i vol. 8vo, cloth. . $2.o9 

"A Mientiflc treatise of Inestimable valoe to tboee tor whom It Is intended."— Boflton 
DuOif Adtertiter. 

eiLLMOSS (Gen. Q^A.) Treatise on Limes, Hydraulic 
Cements, and Mortars. Papers on Practical Engineer- 
ing, U. S. Engineer Department, No. 9, containing 
Reports of numerous Experiments conducted in New 
York City, during the years 1858 to 1861, inclusive. 
By Q;_ A. Gillmore, Bvt. Maj.-Gen , U. S. A., Major, 
Corps U. S. Engineers. With numerous illustrations. 
1 vo). 8vo, cloth. . ; 4.00 

** This work contains a record of certain experiments and researches made onder the 
authority of the Enj^eer Bureau of the War Department fh>m 1868 to 1861, upon the va- 
rtOQS hydraulic cements of the United States, and the materials for their manufacture. 
Ihe experiments were careftilly made, and are well reported and compiled.''— Journal 

HABBISOV. The Mechanics' Tool Book, with Practical 
Rules and Suggestions for Use of Machinists, Iron 
Worken, and others. By W. B. Harrison, associate 
editor of the '* American Ardsan.*' Illustrated with 44 
engravings. 1 2mo, cloth 3.50 

HEHRICI (Olaus). Skeleton Structures, especially in their 
application to the Building of Steel and Iron Bridges. 
By Olaus Henrid. With folding plates and diagrams. 
I vol. 8vo, cloth 3 .00 

HEWSOH (Wm.) Principles and Practice of Embanking 
Lands from River Floods, as applied to the Levees of 
the Mississippi. By William Hewson, Civil Engineer. 
I vol. 8vo, cloth 2 . 00 

** This is a valuable treatise on the principles and practice of embanking lands ft*om 
river floods, as applied to Levees of the Mississippi, by a highly intelligent and experi- 
enced engineer. The author says it is a first attempt to reduce to order and to rule the 
design, execution, and measurement of the Levees of tbe Mississippi. It is a most usefoJ 
«td needed contribution to scientific htAraXvLre," •^Philaddphia Evening JoumaL 
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HOLLBT (A. L.) Railway Practice. American and Euro- 
pean Railway Practice, in the economical Generation of 
Steam, including the Materials and Construction of Coal- 
bumirig Boilers, Combustion, the Variable Blast, Va- 
porization, Circulation, Superheating, Supplying and 
Heating Feed-water, &c., and the Adaptation of Wood 
and Coke-burning Engines to Coal-burning ; and in 
Permanent Way, including Road-bed, Sleepers, Rails, 
Joint-fastenings, Street Railways, Scc^ Sec. By Alex- 
ander L. Holley, B. P. With 77 lithographed plates. 
1 vol. folio, cloth $12 .GO 

• • • f «AU these subjects are treated by the author in both an intelligent and intel- 
ligible manner. The facts and ideas are well arranged, and presented in a clear and sim- 
ple style, accompanied by beautiful engravings, and we presume the work will be re- 
garded as indispensable by all who are interested in a knowledge of the construction of 
railroads and rolling stock, or the working of locomotiYes.''— ^iSbtoi^t/Ic Amaioan. 

HUHT (R. M.) Designs for the Gateways of the Southern 
Entrances to the Central Park. By Richard M. Hunt. 
With a description of the designs, i vol. 410, illus- 
trated, cloth S -PO 

KIHO (W. H.) Lessons and Practical Notes on Steam, 
the Steam Engine, Propellers, &c., &c., for Young Ma- 
rine Engineers, Students, and others. By the late W. 
H. King, U. S. Navy. Revised by Chief Engineer J. 
W. King, U. S. Navy. Twelfth edition, enlarged. 8vo, 
cloth 2 .00 

" nils is the twelfth edition 'of a valuable work of the late W. H. King, V. & Navy. It 
contains lessoDS and practical notes on Steam and the Steam Engine, Propellers, &c. It is 
calculated to be of great use to young marine engineers, students, and others. Tbe text 
is illustrated and ^[>laiDed by numerous diagrams and representations of machinery. 
Ibis new edition has beenjrevised and enlarged by Chief Engineer J. W. King, U. S. Navy, 
brother to the deceased author of the work.''^Boi6»» DaQijf AdbxrtiMr. 

XoOOEMICK (R. C). Arizona : Its Resources and Pros- 
pects. By Hon. R. C. McCormick. With map, 8vo, 

paper 35 
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MINIFIB (Wm.) Mechanical Drawing. A Text-Book 
of Geometrical Drawing for the use of Mechanics and 
. Schools, in which the Definitions and Rales of Geometry 
are familiarly explained ; the Practical Problems are ar- 
ranged, from the most simple to the more complex^ and 
in their description technicalities are avoided as much 
as possible. With illustrations for Drawing Plans, Sec- 
tions, and Elevations of Buildings and Machinery; an 
Introduction to Isometrical Drawing, and an Essay on 
Linear Perspective and Shadows. Illustrated with over 
200 diagrams engraved on steel. By Wm. Miniiie, 
Architect. Seventh Edition. With an Appendix on 
the Theory and Application of Colors. 1 vol. 8vo, 
cloth $4.00 

** It is the best work on Drawing that we hare eyer seen, and is especially a text-book 
<if Geometrical Drawing for the use of Mechanics and ijchools. No yonng Mechanic, such 
as a Machinist, Engineer, Obinet-Maker, Millwright or Carpenter, should be without \i." 
'-Sciai^fic Amerieon, 

** One of the most comprehensiye works of the kind erer published, and cannot but 
XKMsess great Talue to builders. The style is at once elegant and substantial."— Pamiyl- 

" We think this the best work on thte subject, which is sajing yerj much; as much at- 
ioition has been given to the science of Drawing. There is nothing in the range of draw- 
ing that«cannot be found in this book, and which is not well explained. "-p-OMo TheuAer. 

<* Whaterer is said is rendered perteetlj intelligible hy remarkablj weU-executed dia- 
grams on steel, leaving nothing for mere vague supposition; and the addition bf an intro- 
duction to isometrical drawing, linear perspective, and the projection of shadows, winding 
np with a useful index to technical terms."— G<lai0oio Meehania^ JcumdL 



The British €k>vemment has authorised the use of this book in their schools of art 
at Somerset House, London, and throughout the Kingdom. 

KIHIFIE (Wm.) Geometrical Drawing. Abridged from 
the Octavo edition, for the use of Schools. Illustrated 
with 48 steel plates. . Fifth edition, 1 vol. I2m09 ^^^^ 
roan 1 . 50 

'^ It is wen adapted as a text-book of drawing to be used in our High Schools and 
Academies where this useful branch <^ Uie fine arts has been hitherto too much neg* 
iMtad."— Ifaslofi Journal. 
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PIBSCE(Prof. Benj.) System of Analytical Mechaiucs. 
Physical and Celestial Mechanics, by Benjamin PiercCi 
Perkins Professor of Astronomy and Mathematics in 
Harvard University, and Consulting Astronomer of the 
American £phemeris and Nautical Almanac. Developed 
in four systems of Analytical Mechanics, Celestial Me- 
chanics, Potential Physics, and Analytic Morphology* 
1 vol. 4to, cloth $10.00 

"I haye re-examined the memoirs of the great geometers, and have striven to consoli- 
date their latest researches and their most exalted forms of thought into a oonsistwi and 
uniform tseatise. If I have hereby succeeded in opening to the students of my country a 
readier access to these choice Jewels of intellect; if their brilliancy is not impaired in this 
attempt to reset them; if, in their own constellation, they illustrate each other, and con- 
centrate a stronger light upon the names of their discoverers; and, still more, if any gem 
which I may have presumed to add is not wholly lustreless in the co lection,— I shall feel 
that my work has not been in vain." — EaOTodfrtm^ the Fr^act. 

PLTHPTON. The Blow-Pipe ; a System of Instruction in 
its Practical Use, being a Graduated Course of Analy- 
sis for the Use of Students and all those engaged in the 
Examination of Metallic Combinations. Second edi- 
tion, with an appendix and a copious index. By Geo. 
W. Plympton, of the Polytechnic Institute, Brooklyn. 
1 vol. 1 2mo, cloth 2.00 

POOK (S. M.) Method of Comparing the Lines and 
Draughting Vessels Propelled by Sail or Steam. In- 
cluding a chapter on Laying off* on the Mould-Loft 
Floor. By Samuel M. Pook, Naval Constructor. I 
vol. 8vo, with illustrations, cloth 5 .oo 

<*Few men have had better opportunity to study the marine architecture of the past 
and present than Constructor Pook; and that the theories he has deduced from that study 
are correct ones, the fine ships built under his supervision at the government yards bear 
witness. The book will be of interest to every shipwright who looks higher than to the 
mere swinging of an axe/'— (7hronu^f PorUmovitk, N. H. 

EOGERS (H. D.) Geology of Pennsylvania. A complete 
Scientific Treatise on the Coal Formations. By Henry 
D. Rogers, Geologist. 3 vols. 4to, plates and maps. 

Boa«-d8 30.00 
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BUSSELL (J. Scott). The Modern System of Naral Archi- 
tecture for Commerce and War. In Three Parts. Part 
1, Naval Design* Part 2, Practical Ship-Building. Part 
3, Steam Navigation, i vol. folio, 27 in. x 20 in., 724. 
pp. text, and 2 vols, plates, 165 in all, and engraved on 
copper, varying in size from folio double elephant, 27 
in. X 20 in. to 27 in. x 90 in., and are drawn to a 

practical working scale. In Portfolio $60 . 00 

In half Russia, 3 vols 105 . 00 

SHAFFNER (T. P.) Telegraph Manual. A complete 
History and Description of the Semaphoric, Electric, 
and Magnetic Telegraphs of Europe, Asia, and Africa, 
with 625 illustrations. By Tal. P. Shaffner, of Ken- 
tucky. New edition. 1 vol. 8vo, cloth, 850 pp. . . . 6.50 

SUVERSMrrH (Julius). A Practical Hand-Book for Mi- 
ners, Metallurgists, and Assayers, comprising the most 
recent improvements in the disintegration « amalgama- 
tion, smelting, and parting of the Precious Ores, with a 
Comprehensive Digest of the Mining Laws. Greatly 
augumented, revised, and corrected. By Julius Silver- 
smith. Fourth edition. Profusely illustrated, i vol. 
1 2mo, cloth 3 .oo 

" (The Practical Hand-Book for Miners, Metallurgists, and Assayers,' by Mr. Julius 
Sflversmith, a writer veil known in connection with mining enterprises, forms a useful 
contribution to the scientific literature of the country. It will be found of equal value to 
those engaged in mining, either as actual workers, or as owners or shareholders in mining 
property. K gives a brief resume of the geology of metals, quite sufficient for practical 
purposes, and evidently gathered from the best authorities. It treats of mining in all Us 
branches, for ores and native metals« classifying the several kinds of veins and deposits, 
and herein exhibits the modes in use in the exploration of mines, tunnels, shafts, adits, 
galleries, &c., and the timbering of mines. This part of the book, as indeed most 
branches treated, is profusely illustrated by cuts, which must assist the ready compre- 
hension of the matter discussed. A summary of the chemistry and metallurgical treat- 
ment of metals follows, and after giving descriptions, accompanied by engravings, of a 
large number of the new processes and inventions for treating ores, especially those of the 
precious metals, the book concludes with an exposition of the mining laws of the Pacific 
States and Territories.''— iVeio York Herdid. 

SILVER DI8TBI0TS 07 HETADA. 8vo, with map, 
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8MBDBBB0. A Synopas of British Gas Lighting, compm- 
ing the essence of the London Journal of Gas Lightings 
from 1849 to 1868, Arranged and executed by James 
R. Smedberg, C. £., Engineer of the San Francisco 
Gas Works. Issued only to subscribers. 4to, cloth. 
(Ready soon.) t^S^oo 

8PHEBI0AL A8T£0N0MT. By F. Brunnow, Ph. Dr. 
Translated by the Author from the Second German 
edition, i vol. 8vo, cloth . . .^ 6 . 50 

STILLllAy (Paul). Steam Engine Indicator, and the Im- 
prored Manometer Steam and Vacuum Gauges — their 
Utility and Application. By Paul Stillman. New 
edition, i vol. 1 2mo, flexible cloth 1 .oo 

**llM porpoM <^ this Qsefkil yolame is to bring to the notice of tbo numoroas dass of 
those interested in the boilding and the use of steam engines, the eoonom j and safe^ attend* 
iDg the nse of the inslmment (herein described. The Manometer has l>een long opsd ths 
IttTentor is Watt in a cruder form; and the forms herein described are patented by the 
AVthor. Ihe Umgoage of the author, the diagrams, and the scientiflc mode of treatanoit, 
recommend the book to the careftil consideration of all who have engines in their eut,**-^ 
MotUmPoit. 

SWEET (S. H.) Special Report on Coal ; showing its Dis- 
tribution. Classification, and cost delivered over difierent 
routes to various points in the State of New York, and 
the principal cities on the Atlantic Coast By S. H. 
Sweet. With maps, 1 vol. 8vo, cloth 3 .CX> 

8XEWABT (W. M.) The Mineral Resources of die Pacific 
Sutes and Territories. By Hon. W. M. Stewart. 8vo, 
paper 25 

WALKER (W. H.) Screw Propulsion. Notes on Screw 
Propulsion, its' Rise and History. By Capt. W. H. 
Walker, U. S. Navy, i vol. 8vo, cloth 75 

« After thoroughly demonstrating the efflcieney of the screw, Mr. WallEer proceeds to 
point out the various other points to be attmded to in order to secure an efllcient man-of- 
war, and eulogizes throughout the readiness of the British Admiralty to test eyerj nor- 
eltj calculated to giye satisfactory results, e e • • Commander Walker's book con- 
tains an immeose amount of concise practical data, and every item of information re- 
corded Ailly proves that the various points bearing upon it have been well oontfdered 
previoiislj to expressing an opinion. ''^Xondoii Mining JaumaL 
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WASD (J. H.) Steam for the Million. A popular Trea- 
tise on Steam and its Application to the useful Arts, es- 
pecially to Navigation. By J. H. Ward, Commander 
U. S. Navy. New and revised edition, i vol. 8vo, 
cloth $1 .00 

WEI8BAGH (Julius). Principles of the Mechanics of .Ma- 
chinery and Engineering. By Dr. Julius Wcisbach, of 
Freiburg. Translated from the last German edition. 
(In press.) 

WHILDEN (J. K.) On the Strength of Materials used in 
Engineering Construction. By J. K. Whildeu. I vol. 

• 

1 2mo, cloth 2 . 00 

** We find in this work tables of the tensile strength of timber, metals, stones, wire, 
rope, hempen cable, strength of thin cylinders of cast iron; modulus of elasticity, 
strength of thick cylinders, as cannon, &». , effects of reheating, etc. , resistance of timber, 
metals, and stone to crashing; experiments on brick-work; strength of pillars, collapse of 
tube; experiments on punching and shearing; the transverse strength of materials; beams 
of uniform strength; table of coefBcients of timber, stone, and iron; relatiye strength of 
weight in cast-iron, transverse strength of alloys; experiments on wrought and cast-lrcm 
beams; lattice girders, trussed cast-iron girders; deflection of beams; torsional strength 
and torsional elasticity." — American Artisan, 

WHITHEY (J. P.) Colorado,. in the United States of 
America. Schedule of Ores contributed by sundry 
persons to the Paris Universal Exposition of 1867, with 
some Information about the Region and its {Resources. 
By J. P. Whitney, of Boston, Commissioner from the 
Territory. Pamphlet 8vo, with maps. London, 1867. 25 

■■ Silver Mining Regions of Colorado, with some ac- 
count of the different processes now being introduced 
for working the Gold Ores of that Territory. By J. P, 
Whitney. 1 2mo, paper .* 25 

WILLIILM80H (R. S.) On the Use of the Barometer on 
Surveys and Reconnaissances. Part I. Meteorology in 
its connection with Hypsometry. Part II. Barometric 
Hypsometry. By R. S. Williamson, Bvt. Lieut -Col. 
U. S. A., Major Corps of Engineers. With Illustra- 
dve Tables and Engraving?. Paper No. 15, Profes- 
sional Papers, Corps of En^neers. 1 vol. 4to, cloth. 15.00 
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